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Preface

How 1o Use this
Manual

This manual is a combination tutorial and reference manual for your
SIMATIC® T1405™ products. The organization was chosen to halp you
install, maintain, and program your Series 405™ system, A detailed Table of
Contents and Index provide you with the tools for fast reference to the facts
you need.

A Quick Start section ia provided following this Preface. This short chapter
provides the steps for unpacking the system, as well as installing and
entering a simple program.

Chapter 1 provides the environmental and electrical specifications for the
TI405 products,

Chapter 2 provides the details for installing your TI405 system. Details
from I/0 configuration te wiring diagrams are in¢luded in this chapter.

Chapter 3 provides the instructions for performing preventive maintenance
and troubleshooting your TI405 products. Error messages and steps for
foreing I/0 points are included in this chapter.

Chapter 4 provides the details for operating the Machine Interface Unit
(MIU), a hand-held programming device, and for programming your
Series 405 system.

Chapter 5 provides the details for designing relay ladder logic (RLL)
programs,

Chapter 6 provides the details for ﬂesigning Stage™ programs. Stage is a set
of operators that combines with RLL to provide the tools for efficient

machine control.

Chapter 7 provides examples of applications specific to the machine control
industry.

Chapters 8§ through 22 are reference sections for the TI405 instruction set.

SIMATIC: TI806 Usasr Manuaf Preface i
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Key Terms and
Abbreviations

Technical
Assistonce

Ordering
Raplacement Parls

xxH Fraface

Definitions for some of the terms used in this manual follow. Refer to the
glossary for additional terms.

Central Processing The unit that stores and executes the logic program.
Unit (CPL)

Accumulator The memory location where the CPU stores the
intermediate results of an arithmetic or logical
operation.

Machine A gimplified type of hand-held programming device. It

interface Unit provides you with the ability to enter and edit

programs, save and restore programs on data tapes or
memory cartridges, control system operation, and to
monitor system status.

Memory A cartridge-type device consisting of either CMOS

Carridge (MC) RAM, EEPROM, or UVPROM for storing programs or
other memory values. They can be inserted or removed
from the SIMATIC® TI435™ CPU or the MIU.

Machine Stage A machine control program that combines relay ladder

Program logic and the sequential function programming
elements called Stage.

Stage A program segment that only executes when made

active by another Stage.

If you need information that is not included in this manual, or if you have
problems using the system, contact your Siemens Indugtrial Automation,
Inc. distributor or sales office. If you need assistance in contacting your
distributor or gales office in the United States, call 1-800-964—4114.

To order replacement paris, or to obtain an Authorization Number for
returning units, contact your Siemens Industrial Automation, Ine.
distributor or sales office. If you need assistance in contacting your
distributor or sales office in the United States, call 1-800-964--4114, Please
be prepared to provide the part and PLC model numbers when you call.

SIMATIC TI405 User Mol
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infroduction The steps listed in this Quick Start section allow you to install and operate
a simple machine control program. The complete details for Series 405
product installation are given in Chapter 2. This section provides the dstails
necessary for this demonstration, In this demonstration, you install a CPU,
an input module, an output moduzle, and a togele switch. Then, you enter a
simple program that turns an output module status LED on and off,
whenever the input switch 1s togpled.

What You Nead for You need the following items for this demonstration.
o Quick Star
- A SIMATIC® TI425™ oy TI1435 CPTT,

« A CMOS RAM Memory Cartridge, if using the TI435.
*  Any Series 4056 Base.

+ A PPX:U-50N 16-point 24-48 VDC Input module.

« A PPX:U-15T 24 VDC Output medule.

*  Wiring for 110 VAC line supply voltage.

*»  Hook-up wire.

+ A 24 VDC toggle switch.

= A zmall Phillips-head screwdriver,
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Insert the CFU Insert the CPU (with power supply) into the base as follows (see Figure i):

1. Tilt the CPU forward, and hook the tabs at the bottom rear into the
slots at the bottom of the base frame.

2. Push the CPU toward the base until it is securely seated.

3. Tighten the securing screw.

Figure 1 insering the CPU

If you have a TI435, insert a PPX:G-03M CMOS RAM cartridge in the CPU:

1. Remove the left panel cover on the CPU.
2. Insertthe Memory Cartridge as shown in Figure ii.

3.  Pressfirmly to ensure that the cartridge is seated in the CPU.

Figure it Inserting @ Memaoary Cartddge in the TI435
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Select the Supply To operate from a 110 VAC supply voltage, install the shorting bar (included
Vollage with the CPLI) on the bottom two terminals, as shown in Figure iii. (To
operate from a 220 VAC supply voltage line, do not install the shorting bar.)

Install the sharting bar for
110 VAC Supply Voltage

Figure iii 110 VAC Shoring Bar Installation

insent the 1/0 Insert an Input and an Output moedule into the base as follows (see
Modules Figure iv);

1. Tilt these modules and hook their rear tab inte the base as you did with
the CPU,

2. Push the modules toward the base to seat them securely.

3. Tighten the securing screw.

Figure iv Inserding the (/0 Modules
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Connect the Wires 1. Remove the large front panel on the left half of the CPU.
for Line Power
2.  Ensure that the ine power is off, then connect the 110 VAC line voltage
supply wires to the terminals shown in Figure v.

g —
SIEMENS| AN -
Contral Processing Unit TERM RUNO O YO
SIMATIC TI435 aTop CPUo o COM
©
RUN |?_ i

T

0y
w
=
k

Tarminal & [
Chagsis Groundf [ AG -

Torminal 7 __——""]
AC Line

pnse,
Shorting ~\ L : I© J
Bar

Figure v Connecting the CPU Line Power Widng

AAWARNING To minimize risk of potential! shock hazard and injury to personnel,
be sure the unit is properly installed in an enclosure in order to
minimize access to electrically live terminals. Only persons
knowledgeable in the safe use of high voltage should perform this
operation,
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Conneact the 170 Connect terminal 8 ( 24 VDC +) of CPU to the “CA” terminal of the first DC
input in the basge. This i3 the top screw terminal on the right half of the

Module Wiring
input medule terminal atrip, as shown in Figure vi.
Connect an Input 1. Connect a single pole/single throw switch to terminal 4 (24 VDC-) of
Switch the CPU and to “0” of the first DC input module. This is the top screw
terminal on the left half of the input module strip, as shown in
Figure vi,

2. Replace the front panel on the CPLJ,

ETER N
— “ © ¥
| i
=g
@ - }:fw
® A A
o o—

Figure vi Wirng the 10 Modules
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Atftach the MIU 1. Remove the connector cover on the upper right hand side of the CPU.

2, Attach the connecting cable between the MIU and the CPU, as shown
in Figure vii, or attach the MIU directly to the front of the CPU by
mating the 15 pin connectors.

CPU
i
O

INNIRI

ioggc}l

Figure vit Connecting thae MIU
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Cledar the Memory To clear the memory, follow these steps,

1. Apply line power to the PLC.

2, Insert the key, then turn the keylock switch to the TERM position as
shown in Figure viil.

RUN

TERM

STOPR

Figure viii Selting the Keylock Switch to TERM

3, Enter the following key sequences.

EKey Bequence Display

- AUX 1* Oparating Moda
Rl @mel 1 3] @S ADUX 13 Go To Pgm Mods
(el Pgm Moda?
(o) Mode = Pgm

AQX 2% RLL Operations
e 21 3] [ AUX 24 Clear Ladders
=] CLR All Laddears?
() oK
XXX eniick Start SIMATIC TI4085 User Manual
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Enter A Progrom Use the following key sequences to enter a test program into the CPU, This
simple ladder program cavses cutput “0” on the output module to turn on
when you toggle the switch wired to the input module,

Key Bequence Display
‘ =
Cralra i) e
(o) B C2) (e STR X0
Cour ] B (o ] Cesrd ouT ¥0
[emo ] CMTS End

AUX 1* Operating Mode
(g far] (0] 3] [aix) AUX 11 Go To Run Moda

[T ] Run Mode?
(=] Hoda = Run

When you are finished, the CPU will be in RUN mode. Shaded keys
represent the blue colored symbol identification keys on the MIU.

K you have difficulty entering your program, refer to Chapter 4 for more
detailed instructions about using the Machine Interface Unit. If an error
message is digplayed on the MIU, refer to Chapter 3 for an explanation of
the message and troubleshooting help.

SIMATIC TI405 Usewr Manual endick Start 2ol

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com




Chapter 1
System Specifications

1.1 L= e - T 15 3 T T 1-2
L4 o O 1-2
T 100 PP 1-2
T3S CPU .. e e e 1-2
TS EXRaNSiON N ..ottt et i e 1-2
Maching Stage Programming . ... ... i e e 1-2
Handheld Programmer . . ... ... 1-2
Memory Camnigges ... ... i e i e 1-4
Base UNits ... e e e 1-4
B L 70 PP 1-4
Cassette Program Storage ... oo e e e 1-4
1.2 CPU Specificalions ......cccccvaiiara D R T TP TE TR T 1-5
1.3 Bose SpecHicalions .......c.cciiiiiiiiiaiierar e e s ey 1-10
14 Discrote Input Module Specificalions ............c oo e i e 1-11
15 Discrefe Ouiput Module Specifications . ... ... ... .iiiiiiiaa.n 1-13
1.6 Inpat Simulotor Module Specificalions .. .....ovverriniririsirrrrrssciaaniannans 1-16
1.7 Expansion Unit Speciicatons ... . . iiricieedeeaeaaranaa 1-17
1.8 Caculating Power Requirements ...........icciiuiiiiiasiiusnsniarranasassnrsans 1-18
Calculating Power Requirernents Usinga CPU ... iy 1-20
Caleulating Power Requirernents In ExpanstonBases . ................ ... ... 1-21
1.9 Programming ond Program Storage Specifications..............ccoiiiiiiiiiinnas 1-23
[ F LR =TT =) o |1 o 1-23
1.10 Perpheralinterfoce Porls . .. ......co ittt c e i c e e e st iaasa 1-25
Programmear Port .. ...... ... . i e e 1-25
Sanalintarface Port ... .. e e e 1-26
L T 1-28
Protocols Supported by each Port ... e e 1-28
CPU Reshlctions when Using K-8eqUencCe ... ... ... ittt iiensiaannnas 1-29
LYo T T o Yo T 1= T 1-30
Using TISOFTRelease 20T in BoHom Port .. ... ..o e 1-30
Determmining TISOFT PrOl OGOl it i i i et e et s s e 1-31
LE L =1 ot o o -3
Subrouting of FOR/MNEXT Loop InStage (T4350nyy .....oooovo e e 1-32
UVPROM Cartridge with T35 ... ..o e raneaa s 1-32
T 2 Wit T L i et e e 1-32
SPE3 with FIND INs i iOn . o v i et st e i e e e 1-32
Sanal Port On TS ... e i e 1-32
MOVM IR UGN . i i i i e e i 1-32
SIMATIC TI05 User Manual Systam Speacifications 1-1

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com



1.1 Product Summary

T425 CPU

Ti430 CPU

Ti435 CPU

TI405 Expansion
Unit

Machine Stage
PFrogramming

Hemdlheld
Progrommer

The TI425 CPU has a built-in power supply with an auziliary 24 VDC
power source (400 mA), It offers built-in 3.5K program RAM and includes a
CPUI battery. The Ti425 CPU can be expanded to include up to 4 bases, and
up to 640 'O,

The T1430 CP1J has a built-in power supply with an auxiliary 24 VDC
power source (400 mA). It offers built-in 3.5K program EEPRCOM and
includes a CPU battery. The TI430 CPU can be expanded to include up to 4
bases, and up to 640 /0.

The TI435 CPU has a built-in power supply with an anxiliary 24 VDC
power source (400 mA), and it offers & built-in network port, It can be
expanded to include up to 4 bases and 640 VO, A CPU battery is included.
The TI435 CPU requires a memory cartridge.

The TI405 Expansion Unit has a buili-in powaer gupply with an auxiliary
24 VDT power source (400 mA). The TI405 bases are availakle in 4-, 6-, and
B-slots. Expansion models are available in those densities for connecting up
to four bases in a single TT405 system, like the configuration in Figure 1-1.

The CPUs have Machine Stage built-in, Machine Stage is a machme eontrol
langraage that is combined with relay ladder logic (RLL) to create programs
in less than one-third the time required with RLL only.

The PPX:S-10F Machine Interface Unit (MITI) is a hand-held programming
device that provides more than just programming features. The MIU:

+  Displays messages. It displays 96 preprogrammed error messages or
mesgages that you create.

*  Monitors actual values of timers and connters.
*  Programs memory cartridges.
»  Uploads and downloads programs from/to the PLC and cassette tape.

s«  Uses TEST mode to help get your machine online faster and more
safely. ‘

«  Can be mounted directly on the CPIJ or attached with a PPX:S-30JF
3-meter (9 foot) cable or &8 PPX:53-15JP 1.5-meter (4.5 foat) cable.

s Offers a full range of program entry and editing operations including
search and replace.
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CPU withh Power Supply

4, § or B-Slot Base
ﬁ 0T 0|0
PPN:E-10F Machine
interfncoe Unit
4] -
4-, 8- or 8-5|ot Basa GPU Bmory
Ti0°
Builti-in Natwork
‘ Port {T1435 only)
i | |0
' Expansion Unit with Bullt-tn
AC Power Supply
Awnilliary 24 VDG Power Souros 4-, & or B-Siot Base
0 TOE
Memory Carlridge (Ti435 only)
sCMOS RAM (includes Battory)
o +EEPAOM
*UVPFROM
—— — ——
4, & or B-5iot Basa
o TI405
)
Fgure 1-1 Ti405 Product Farmnity
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Product Summary (continued)

Memory Cdaitriclcies

Base Units

TI405 1/0

Cassefte Progrom
Storage

Removable Memory Cartridges are available in CMOS RAM, EEPROM, and
UVPROM types. The CMOS RAM cartridge is useful for fast program and
system parameter backup. ‘

Bases are available with 4, 6, or 8 slots, and with or without expansion
connections. Up to four expansion type bases can be connected in series. The
bases are connected using either a PPX:U-01J 1.0-meter (3 foot) expansion
cable or a PPX1T-05J 0.5-meter (1.6 foot) expansion eable. On any base, the
maximum number of modules is determined hy the total power consumption
of the components used in the base.

The TI405 /O consists of modules for 12/24 VDC input/output, 110/220 VAC
input/output, and Relay output in 8- and 16-point densities. Each module
has its own diapgnostic LEDs and two commons per module for better
iscolation. Their thermal dissipation characteristics allow them to drive
outputs at 2 A for each channel (8-point modules) over their entire operating
temperature range.

Propgrams and system parameters can be stored on digital cassette tapes
with a customer-supplied data recorder attached to the MIU by the
PPX:S5-08JR Cassette Interface cable.
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1.2 CPU Specifications

Table 1-1 Environmental Specificetions for PPX:425-CPU, PPX:425DC-CPU, PPX:430-CPY,
PPX:435-CPU, PPX:435DC-CPU, and PPX:435DC1-CPU

Specification

Operating temperature ~ {0°-60°C

Storage temperature -20°—70°C

Humidity 6-95% non-condansing

Dielectric strength 1500 VAC 1 min. between primary , secondary, FG, and RUN contacta

Insulation 20M chins 500 VDG betwean primary, saecondary, FG, and BUN contact.
(PPX:436DC1-CPU = »100M ohma)

Vibration MIL 8TD 810C 514.2

Shock MIL STD 810C 516.2

Noise immunity NEMA ICS3-304
Impulss 1000 V1 s

Dimensions (mm} 108 (W) x 150 (H)x 110 (B

Environmental air No corrosive gases

SIMATIC TI4106 User Manual Systam Specifications 1-5
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CPU Specifications (continued)

Table 1-2 CPU General Specifications

Specification PPX:425-CPU PPX:425DC-CPU PPX:430-CFU
1/0 points 840 840 640
Baze density 4/8/8 slots 4/6/8 slots 4/6/B zlots
Meodule density B/16/32 point=s 8/16/32 points B/18/82 points
Anplog 1/0
Input 40 chennels 40 channels 40 channels
Qutput 20 chennels 20 channels 20 chapnels
Remote /O base distance max, | 3300 feet (LOD0 m) | 3300 feet (1000 m) 8800 feat (2000 m)
Remote I/'C points 612 612 512
Battery life 6 years 6 years 5 years
Memory (total) 8.6K 85K 6.6K
Ladder 35K 2.5K 36K
Variable 8K K aK
Program storage Built-in Buiit-in Built-in
RAM (hattery backed) Yes Yes No
UVPFROM No No No
EEFROM No No Yes (standard or built-in)
Cassette tape hackup Yes Yes You
Scan rate per 1K boolean 3ms 3 ms 2 ms
Programming Language RLL and Machine Stage RLL and Machine Stage ERLL and Machine Stage
Instruction Set Boolean and Data operation | Boclean and Datw eperation { Boolean end Data eperation
Total number of instructions 1122 122 122
Integer math Yes Yee Yes
Frogram security
CPU mode keylock Yez Yez Yeos
Pagsword, No No No
Program name Yus Yes Yes
Total number of control relays 480 {cap vse unused local 480 (can use unusad local 480 (can use unused local
outputs and remote I/0 as | outputs and remote YO as | outputs and remote IO as
CRz) CRs) CRs)
Retentive memory (CRa etc.) Configurable Configursble Configurable
Special relays &2 62 62
Timers/counters (4-digit BDC) 1987128 128/128 128/128
Progrem stages A84 384 884
Subroutines No No No
For/next loops No No No
Immediate I’ update Yer Yes Yor
Built-in disgnostics Yes Yes You
TISOFT IBM® PC software Yeu Yes Yoz
Machine interface unit Yer Yes Yes
Agency approvals UL, FCC UL, FCC UL, FCC
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Table 1-2 CPU General Specifications (continued)

' Specification | PPX:425-CPU PPX:A25DC-CPU I PPX:430-CPU
Power required 85 to 132 VAC 20 to 28 VDO 85 t0 132 VAC
170 to 264 VAC 3 A input current 170 to 2684 VAC
47 to 63 Hz 20 A maxitmum inrush 47to 83 H=
50VA 38 W power 60 VA
20 A maximum inrush 20 A maximum inrush
Power supplied 8700 mA at 5 VDO to base | 3700 mA at 5 VDC to bazse | 3700 mA at 5 VDC to base
400 mA at 24 VDC extarnal 400 mA at 24 VDC extarnal
Discrete 10 320 inputs/320 outputs 820 inputs/320 outputs 320 inputs/220 outputs
Bases/system 4 4 4
Removable connectors Yes You Yoz
Commons per module 2 2 2
CPU run mode relay 250 VAC/1 A 50/60 Hz 30 250 VAC/1 A 60/60 Hz 30 250 VAC/L A 50/60 Hz 30
VDC1lA VDC1A VD1l A
Diagmostics
Progremmed diag. messagez | 74 T4 T4
Uger-defined meagagos 4-digit 4-digit 4-digit
CPU disgnoestic LEDs 8 6 6
10 module diag. LEDs ] 3 a8
SByztem diag. special relays 14 14 14
Debug
“N” scan Yes Yes Yes
Search and replace No No No
Hold selected outputs
during TEST STOP Yas Yes Yes
Programmable watchdog Yes Yes Yoz
Program support relays &0 a0 ' 60
Clack relays 7 T 7
CPI status relays 9 8 9
Sygtem check relays 18 15 16
Accumulator relays 18 13 18
Data communications relays | 16 18 16
Communications master/slave Yas* Yes* Yes

* U-01DM required for network interface.

SIMATIC Tig05 User Manual Systemn Specificalions 1-7

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com



CPU Specifications (continued)

Table 1-2 CPU General Specifications (confinued)

Specification PPX:435-CPU PPX:435DC-CPU PPX:A486DC1-CPU
/O points 640 (320 in, 320 put) 640 (320 in, 220 out) 640 (320 {n, 320 out)
Basze density 4/6/8 slots A/8/8 slots 4/6/8 slots
Maodule density R/18/82 points B/16/32 points 8/16/82 points
Annlog I/0Q
Input 40 channels 4) channels 40 channels
Cutput 20 channels 20) channals 20 channelzs
Remote I/O base distance 3300 foet {1000 m)} max. 9300 feet (1000 m) max. 2300 feet {1000 m) max.
Remote 17O points 512 512 612
Battary life £ years 5 years & years
Memory cartridge battery | 3 years
Memory (tatal) 105K 105K 105K
Ladder 76K 75K T8K
Variable 2K 30K 30K
Program storage Cartridge Cartridge Cartridge
RAM (hattery backed) Yes Yes Yes
TUVPROM Yes Yes Yes
EEPROM Yoz Yes Yes
Cagsetie tape backup Yez Yes Yes
Scan rate per 1 K boolean 049 m= 0.49 ms 049 ms
Programming Langusge RLI. and Machine Stage BLI. and Machine Stage BLL and Machine Stage
Instruction Set Boolean and Diate operation | Booleun and Data operation | Boolean and Data operation
Total mumber of instructions 174 174 174
Integer math Yes Yes Yes
Program security
CPU mode keylock Yes Yoz Yes
Password Yas Yes Yes
Program name Yes Yes Yes
Total nusnber of control relays | 480 (can use unused local 480 (can use umized local 480 (can use unused local
outputs and remote /O as vutpuis and remote IO as outpuis and remete IO as
CRs) CRz) CRs)
Retentive memory (C'R= etc.) Configurable Configurable Configurable
Spacial relays 62 62 82
Timers/counters (4-digit BDC) | 128/128 128/128 128/128
Program stages 384 &84 3R4
Bubroutines Yes Yes Yes
Forfnext loops Yoz Yes Yes
Immediate /0 update Yes Yes Yas
Built-in diagnostics Yes Yeu Yes
TISOFT IBM® PC software Yes Yos Yoz
Machine intarface unit Yes Yoz You
Agency apptovals i, FCC UL, FCC UL, FCC
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Table 1-2 CPU General Specificalions (continued)

Specification PPX:43cDC1-CPU
Power required to 182 VAC “T20-28 VDC VDC £ 10% ripple
170 to 264 VAC 3 A input current 30 W maximum
47 to 63 Hz 20 A maritmum inrush 2 A maxirmam
50 VA 38 W power 20 A maximum inrush
20 A maximum inrmgh
Power supplied 3700 mA &t 5 VDC to base | 8700 mA at § VDT to base | 8700 mA at 5 VDO to base
400 mA at 24 VDO external
Dizerete /O 320 inputs/320 cutputs 320 inputs/320 outputs 820 inputs/320 outputs
Bases/system 4 4 4
Removable connectors Yes Yes Yes
Commons per module 2 2 2
CPU run mode relay 250 VAC/1 A 50/60 Hz 250 VAC/1 A 50/60 Hz 260 VAC/1 A 50/60 Hz
3VDC1A 30VDC 1A 30VDC 1A
Diagnosties
Progremmed diag. messages | 98 98 98
User-defined messages 23 character 23 character 23 character
CPTJ diagnostic LEDs [ -] 6
/0 module ding. LEDs a S 3
System diag. special relays 14 14 14
Debug
“N™ sean Yes Yes Yos
Search and replace Yes Yes Yoz
Hold selected outputs
during TEST STOP Yes Yes Yes
Programmable watchdog Yes Yes Yes
Program suppert relays 62 62 62
Clock relays i 7T 7
CPTJ statuz relays 1 11 11
System check relays 15 15 15
Accumulator relays 13 13 13
Data communications relays | 16 16 18
Communications mester/slave You Yez Yes
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1.3 Base Specifications

Base
Environmental
$pecifications

Ovarcll Base
Dimensions

The following table lists the environmental specifications for the 4-, 6-, and

8-slot bases.

Operating temmperature

0° to 60° C(32° to 140°F)

Btorage temperature

-20° o 70° € (4° to 168°F)

Opoerating humidity

5% to 95% (noncondensing)

Environmental air

No corrosive gases permittad

Voltage withstand

€00 VAC, 1 min. batween ground and circuit.
Note: No voltage withetand if shorted batwesn ground
and circuit.

Ingulation resistance

10M shme, 500 VDC betwean ground and eirendt.
Note: No ingulation if shorted between ground and
circuit.

Noise immunity

NEMA IC88-304, Impulee 1060 V 1 ps

The following table lists the overall bagse dimensions.

1-10 Systemn Specifications

FPX: | PPX: | PPX: | PPX: | PPX: | PPX:
U-04BJ | U-04B | U-08RJ | U.08B | U-08BJ | U-08R
m
Number of Slots 4 & [ 8 A
Expanaion No Yes No Yes No Yes
Capability
Length 298 mm | 293 mm { 367 mm | 367 rnm | 441 mm | 441 mm
Width 160 mm | 160 mm | 160 mm | 150 mm | 150 mm | 150 mtn
SIMANIC TI405 User Monual
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1.4 Discrete Input Module Specifications
PPX:U-06N PPXU-50N PPX:U.66N
Bpecifications 12.24 VOC Input | 24-48 VDC Input (| 12-24 VAC/VDC Input
{Nagative logic) (Izolated)
Circuits per module 16 8 18
Commons per module 2 8 2
Normal input voltage range 10.2-26.4 VDC 20-52.8 VDO 10.2-26.4 VAC/VDC
AC frequeney N/A N/A 47-63 Hz
Maximum input voltage 26.4 VDC 52.8 VDC 37.6 VAC/VDC
Input eurrent 3.8 mA (12 V) SmA(24V) 3B8mA(12V)
83mA(24V) 10mA (48 V) 8.3 mA (24 V)
Input switching characteriatica
On laval 95V »18V 9.5V
Off level 4.0V <1V 3.0V
Off to On response 1-7 ma 3-10me 6-40 ma
On to Off rasponse 2-12 mom 3-12ms 10-50 me
Status Indieator
Maximum Off eurrent Logic side Logic side Lopgic pide
Minimum On current 1.6 mA 1.5 mA L5 mA
: 3.6 mA 3.5 mA 4.0 mA
Internal powar consumption (max.) @ 150 mA 100 ma 150 mA
+6V
Weight 250 g 260 250 g
Removable connector Yes Yea Yes
Temperature derating No No Na
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Discrate Input Moduie Specifications (confinued)

PPX:U-20N PPX:U-25N
Speacifications 115/230 VAC Input 115 VAC Input
{Negative/positive logie)
-n_=_|-===n“==
Circuits per modula 8 16
Commons per module 2 2
Normal input voltage range 80-266 VAC B80-132 VAC
AC frequency 47-63 Hz 47-88 Hz
Maximum input voltage 265 VAC 132 VAC
Input eurrent 8.5 mA (100 V, 60 Hz) 12.5 mA (100 V, 60 Hz)
20 mA (230 V, 60 Hz) 14.5 mA (115 V, 60 Hz)
Input awitching characteriatica
Omn level >T0V =70V
Off level =80V <30V
Off to On response 6-30 me 5-80 ma
On to Off rasponae 10-60 m=a 10-50 ms
Statue Indicator Logic side Loogic side
Maximum Off corrent 2 mA 2 mA
Minimuom On enrrent 7mA 7 mA
Internal current consumption (max.) @ +5V 100 mA 150 mA
Weight 240 g 270¢g
Rermovahble conneetor Yes Yea
Temperature derating Mo No
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1.5 Discrete Output Module Specifications
Specifications PPX:U-AT PPX:AT-08T PPXAT-32T PPX:U.G5T
Relay Output | Relay Output | 12/24 VDC Output | 12/24 VDC Output
Negative logic, (Positive logic,
SBinking) Sourcing)
Qutput type N. 0. relay N. O. relay NMOS FET NPN
Opean drain
Circuita per module 8 16 8 16
Commons per module 2 2 2 2
Operating voltage 5-250 VAC 5-260 VAC 10.2 - 28.4 VDT 10.2 - 26.4 VDO
6-30 VDC 5-30 VDC
Peak voltage 266 VAC 265 VAC 40V 40 VDC
Maximurm current (resistive) 2A 1A oA 0.5A
5 A/common 5 Alecommon 5 Afeommon 3 A/eommon
Maximum leakage currant 0.1 mA@ 0.1mA@ 0.1 mA @ 0.1mAS
285 VAC 265 VAC 40 VDC 40 VDC
ON voltage drop N/A N/A 05Va@zA 1.5V@0.5A
Smallest recommended load SmA@SVDC | 5mA@E5VDC 0.2 mA @5VDC .2mA@s5 VDO
Maximum inrush 2A 4A 6 A for 100 ms 1 A for 100 ms
12 A for 10 ma 2 A for 10 ms
Off to On responee 12 ms 10 ma 1me 1 ma
On to Off responge 12 ms 10 ma 1ms 1 ms
Status Indicator Logic side Logic gide Logic side Logic side
Internal fuass Z@8A 2@8A 2@7TA Z2@5A
Replaceahle fusea No Neo No No
Internal current consumption 550 mA 1000 mA 150 mA 350 mA
(max.)@ +5V
Weight 260 g 310 g 240 g 280 g
Removable connector Yea Yes Yoz Yes
Temperature derating No No No Yas
External power source No No 35 mA max @ No
required 26.4 YDC
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Discrete Output Module Specifications (continued)

Specifications PPX:U-15T PFX:U-20T PPYLSST
24 VIIC Output 115/230 VAC Output | 115/230 VAC Output
(Negative logic,
{ Output type NEN SSR
Open collector
Circuits per module 16 B 16
Commone par module 2 2 2
Operating voltaga 4.5 - 26.4 VDC 15 - 266 VAC 15 - 265 VAC
Peak voltage 40V 286V 265 VAC
Maximum current (resistive) 05A A 0.5 A
3 A/common 5 Afcomtmon 3 Afcommen
On voltage drap 0.1 mA @ 40 VDC 5 mA @ 265 VAC 4 mA @ 265 VAC
Smallest recommended load 0.2 mA 10mA@lsV 10mA@15V
Maximum inrush 1 A for 100 ms 10 A for 100 ma 100mA @106V
2 A for 10 me 30 A for 10 ms 16 A for 10 me
Off to On response 0.6 ms 1ms 1ms
Om to Off reaponse 0.5 me 1ms+ 1/2 cyele 1 ms + 1/2 cycle
Status Indicator Logic side Logic side Logic aide
Internal fuses Z2@5A 2@8BA 2@6A
Replacesble fuses No No No
Internal current consumption (max.) 200 mA 250 mA 460 mA
@46V
Weight 270 g 330 g 360 g
Ramovable eonneetor Yes Yes Yes
Tomperature derating No Yeo Yas
External power source required 126 mA @ 24 VDO Mo No
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Figure 1-2 Discrete Output Module Derdting Charts
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1.6 Input Simulator Module Specifications

The Input Simulator module, PPX:U-05S, provides a ton! that can simulate
either eight or sixteen discrete input points.

Operating temperature 0° to 60°C (32 to 140°F)
Humidity & to 95%, noncondenaing
Power Supply Requirementa

Extarnal supply N/A

Current Consumption on internal 5V | 4 mA/eireunit, maximum 150 mA
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1.7 Expansion Unit Specifications

Expansion Unit Table 1-3 lists the environmental and operaticnal specifications for the
Specifications for T1405 Expansion Unit.
PPX:U-10EX
Table 1-3  PFPX:UHOEX General Specifications
Operating temperature 0* to 80°C (327 to 140°F)
Storage temperature =20° to 70°C (4* to 158°F)
Operating humidity 5% to 95% (noncondensing)
Environmenta] air No corrosive gases permitted
Vibration MIL 8TD 810C 514.2
Shock resistance MIL 8TD 810C 516.2
Voltage withatand 1500 VAC 1 min. between pritnary, secondary, FG
and RUN contact.
Insulation resistance 20M ohme. 500 VDC batwesn primary, secondary,
FG and RUN contact.
Noise immunity NEMA 1CS3-304. Impulse 1000V 1 pga
Dirnensions (mm) 108 (W) x 160 (H) x 110 (D)
Weight 640 g
Plastic material ABS
Voltage range 85 to 182 VAC; 170 to 264 VAC
Fraquency range 47 to 63 Hz
Input current 18A
Inrush current 20 A maximum
Input power 50 W maximum
Output voltage 51V+025 20t0 28V +12V
Ripple Leas than More than Lizsvthan
100 mVp-p 1Vpp 100 mV
Output current 0.1t08.7A 0to 04 A 24 mA
Input/output protection Current limiter: Input and sutput Voltage limiter:
Output
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1.8 Calculating Power Requirements

Table 1-4 through Table 1-7 list the power requiremenis in milliamps for the
TI1405 CPUs, bases, input and ouiput modules, and the handheld
programmer (PPX:5-10F Machine Interface Unit).

Table 1-4 Power Avadilable for TId405 CPUs

TI405 CPUs Description Power Supplied (mA)

TI425 CPU TI425 CPU with AC Power Supply! 3700
{Includes 3.5K words of program RAM)

TI426DC CPU DC Power Supply *

' (Includes 3.6K words of program RAM)

SIMATIC® TI430™ CPU AC Power Supply !
{Includes 3.5K words of program
EEPROM)

TI436 CPU TI435 CPU with AC Power Supply! 3700
(Requires memory eartridge)

TI435DC CPU DC Power Supply 2
(Requires memory cartridge)

TI486DC1 CPU DC Power Supply ©
(Requires memory cartridge)

TI405 Expansion Unit (PPX:405-10EX) | Expansion unit with AC powar supply! 4000

1 These devices can also provide power to external devices (24 VDO @ 400 mA),
2 Does not provide externat 24 VDC,

Table 1-5  Power Requirnements for TIADS Boses

Power Required (mA)

PPX:U04B 4-glot bese with axpnnaio S o 80
FPX:U-06B 6-slot base with expansion 80
PPX:U-08B B-slot base with expansion 80
PPX:U-04BJ 4-glot base without expansian 80
PPX:U-06BJ 6-slot base without expansion a0
PPX:U-08BJ 8-alot base without axpansion 80
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Table 1-6§ Power Requirements for TI405 1/0 Modules

TI405 /O Modules Description Power Required (mA)
_ L - ———
Ti405 DC Input Modules
PP 150N 24/48 VDC input module, 100
8 points {(/+ logic)
PPX:-05N 12/24 VDC input module, 150
16 pointa (- logic)
PPX:U-55N 12/24 VDC/AC input module, 16 painta 1560
TI405 AC Input Modules
PPXIT-20N 110/220 VAC input module, & points 100
PPX:U.25N 110 VAC input modula, 16 pointa 150
TI405 DC Output Modules
FPX:U 127 12/24 VDC output module, 8 points, 150
2 A (- logic)
FPX:U-15TF 12/24 YDC output module, 16 pointa, 200
0.5 A (= logic)
PPX:U-55T 12/24 VDC output module, 16 points, 360
0.5 A (+ logic)
T1405 AC Output Modules
PPX:U-20T 110/220 VAC output, 8 pointa, 2 A 250
PPX:.U-26T 110/220 VAC output, 16 points, 0.6 A 450
T1405 Relay Cutpuat Moduilea
PPX:U-01T Relay output module, 8 points, 2 A 5§50
PPX:U-05T Relay output moduls, 16 pointa, 1 A 1000

Table 1-7 Power Requirements for TI405 Handheld Progrornmwer

Ti405 Handheld Programmer
PPX:405-MIU

Power Required (mA)

Machine Interface Unit (Ineludes PROM
burner) (863 mA to write EPROM)

320
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Caleulating Power Requirements (confinued)

Calculating Power Figure 1-3 illustrates how to calculate the power requirements in a system

Requirernents with a CPU and the listed module types.
Using a CPU
1. Enter the total power supplied, which iz 3,700 mA with a CP1J as the
source.
2. Find the power consumption values for each module type from the
chart in Table 1-4. If the PPX:5-10F MIU will be left attached while the
CPU is in RUN mode, you must include the MIU's power consumption.
8. Total the individual module consumptions and place that in the total
power consumed box. The configuration will only work if the total
power consumed is less than the total power supplied.
Base Number 0 Location
Moadule Position Module Type Power Consumption {mA)
Siot 0 PPX:U-25N 110 VAC In—16pt 150
Siot 1 PPX:U-25N 110 VAC In—16pt 150
Slot 2 FPPX:U-25N 110 VAC l'n---'lﬁpt 150
Slot 3 PPX:LL25N 110 VAC In—16pt 150
Slot 4 PFEX:L-15T 1224 VDC Out--18pt 200
Slot 5 PEX:U-25T 110220 VAC Out—16pt 450
Slot 6 PPX:U-25T 110/220 VAC Qut-—T16pt 450
Slot 7 PPX:L-25T 110/220 VAC Oui—18pt 450
FPPX:5-10P Maching Interface Unit 320
Base 80
Total Power Supplied i
3700 mA if a_CFeﬁ[Pmusar Ic;t:l“ ;ﬁ'ﬂ )
Supply is being used Enued 3700 e ned 2550
4000 mA if a PPYX:405-I0EX

Expangion Unlt is being usad

Thiz module combination is valid only it the Total Power Consumed number is less than the

Total Power Suppliaed number.

Figure 1-3 Power Budget Worksheet Example #1
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Caolculating Power Figure 1-4 illustrates how to calculate the power requirements in an
Requirements in expansion base with the Expansion Unit and the listed module types.

Expansion Bases

1. Enter the total power supplied, which is 4,000 mA with an Expansion

Unit as the source.

2. Find the power consumption values for each module type from the

chart in Table 1-4.

3. Total the individual module consumptions and place that in the total
power consumed box. The configuration will only work if the total
power consumed is less than the total power supplied.

Base Number 7 Locatlon
Module Position Module Type Powar Consumption (mA)
Slot 0 PPX:U-55N 12/24 VD(C In—16pt 150
Siot 1 PPX:(J-55N 12/24 VDC in—16pt 150
Siot 2 PPX:LJ-58T 12/24 VDG Out—16pt 350
Slot 3 PPX:U1-05T Relay Out—16pt 1600
Slot 4 PPX:UJ-05T Relay Owt—16pt 1000
Slot 5 PPX:U-05T Relay Out—16pt 1000
Slot 6 N/A
Siot 7 N/A
PPX:S-10P Machine interface Unit N/A
Base 80
Tatal Power Suppliad is
Subbiy = being used | Toual Towl
4000 21: if & PPX:405-10EX mﬁﬂd 4000 E';,,‘”:{,m 3730

Expansion Unit is being used

This module combination i valid only if the Total Power Consumed number is less than the

Totial Power Supplied numbear.

Figure 1-4 Poawer Budget Workshes! Example #2
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Calculoting Power Requirements (confinued)

Base Numhber

Location

Maodule Position

Module Type

Power Consumption (mA)

Siot 0

Slot 1

Slot 2

Slot 3

Slot 4

Slot 5

Slot 6

Siot7

PPX:5-10F Machine Interface Unit

Base

Tatal Power Suppliad is
3700 mA if a CPU/Power
SuppI(yJ iz being used

R

4000 mA it a PPX:405-10EX

Expansion Unit is
breirng used

Total
Power
Supplied

Thizs module combination is valid only if the Total Power Consumed numbear
Is less than the Total Power Supplied numbaer.

Total
Power

Consumed
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1.9  Programming and Program Storage Specifications
MU Peripheral Port The MIU hag a peripheral port, shown in Figure 1-6, for connecting data
recorders and serial devices. Table 1-9 lists the signals for each pin.
TFable 1-8 lists the environmental and operational gpacifications for the
PPX:5-10P Machine Interface Unit (MIU). Table 1-10 lists the specifications
the CMOS, EEPROM, and UVPROM Memory Cartridges.
Table 1-8 PPX:S5-10P Machine Inferface Unit Specifications
Operating 'Tbmperature 0° to 60°C (32° to 140°F)
Storage Temperature =10* to 65°C (14° to 149°F}
Humidity 20 to 90%, noncondansing
Environmental air No corrogive gases
Vibratjon MIL STD 810C 514.2
Shock Resistance MIL STD 810C 516.2
Naise immunity NEMA IC53-304. Impulse 1000V 1 s,
Dimensione 145 mm x 118 mm x 30 mm
Weight 380 g (excludes memory cartridge)
Display type LCD
Dieplay size 24 characters by 2 linea
Display LEDs Run, Teat, Pgm
Keypad &5 keya
Power Supply Requirements
TUVPROM 12.5VDC, 6 VDC
Extornal supply & VDC +5%
Internal power consumption | 200 mA + 120 mA for back-light
Write to memory cartridge 843 mA + 120 mA for back-light
CPU Communications R5-232.C asynehronous, half-duplex,
Data format 1 start bit, 8 data hits, 1 odd parity bit, and 1
atop bit
Data tranafer rats 9600 bpa
Cassette Interface
Baud rata 680
Transfer time 1 minute per K
Interface requirements 1 mierophone input; 1 earphone output
Frequency range 300 to 4000 Hz (tninimum}
Wow and flutier < 0.6%
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Programming ond Program Storage SpeciHications (continued)

Figure 1-6 MIU Peripheral Port

Table 1-9 MIU Peripheral Port Pin Descriptions

Pin I Name | Deacription I
1 ov Logiz Ground
2 TX0 Tranamit Data (RB-232-C)
8 RX0 Receive Data (RS8-282-C)
4 C8TI Input from Cassette (5V p-p max)
5 CBTO Output to Cassette (100 mV p-p max)
] RDY External Device Ready (R5-232-C)
7 — Not usad
8 — Not used
E ov Logic Ground

Table 1-10 Memeory Coarfridge Speciications

CMOS RAM FEFROM UVPROM
PPX:G.03M PPX:G.23M PPX:G-14M
Memory capacity 8K words ~ | BK wards 16K "
Backup battery Lithium Not required Not required
Write-disable function Tarminsal jumper Terminal jurmper Not raquired
Writing life ' N/A More than 10,000 times | 1,000 times
Memory deletion method - |N/A Electrically erased Ultraviolet irradiation
Weight 42 60g 60 g

Cartridge insertion frequency | More than 10,000 times for all types

*Only BK iz usable.
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1.10 Peripheral Interface Ports

Programmer Port The top port on the CPUs, shown in Figure 1-7, is the interface for the
programming devices. The MIU connects to this port either directly by
mating the connector on the back of the MIU to this port, or by the

PPX:8-30JP or PPX:5-15JP cables. Table 1-11 lists the signals for each pin.

15-pin Fernale 1
D Connector o
RS-232-C 8

9600 Baud

8 Data Bits 0

1 Start Bht 0

1 Stop Bit o)

Cdd Parity

Half-duplex O

Asynchronous Q

DTE O

8
Figure 1-7 MI Port Specificalions
Table 1-11 MIU Port Fin Descripfions
Pin Name Deacription
1 YOFP Senes connection between MIU and CPLJ
2 TX1 Transmit Data (RS-232-C)
b RX1 Receive Data (RS-232-C)
4 ONLINE Reqmest Communication (TTL)
5 ABNO CPU Error (TTL)
8 FRDY CPU ready to communicate (T'T'L}
7 cTa Clear To Send (Ri3-282-C)
] YOM Sense connection between MIU and CPU
4] — Not used
10 LCBL Sense cable connection (TTL)
11 5V2 5 VDC for MIU logic
12 sV 5 VI for LCD backlight
13 ov Logic ground
14 ov Logie ground
15 ov Logic ground
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Peripheral Interface Ports (continued)

Serial Interface Port The lower port on the 11430 and TI435 CPUs, shown in Figure 1-8, 15 a
serial interface connector that operates with either BRS-232-C or ES-422
signals, Table 1-15 lists the signals for each pin.

m—————— ——— ZLraay
AL PWRO O BATT
TERM ARUNG © 3O
STOR FUD O COM
1
4
25-pin Famale o oO%w
D Connactor o O
R5-232-C/R5-422 O
300, 1200, 9600, o °
19.2K Baud 0 f
8 Data Bits O 5
1= ° 5
Odd Parity O O F
Hal-Duplax O 5 '
Asynchronous o]
OTE o © ]
o
°© o
O o
O 25
12 e

Agure 1-8 TI435 Sericl Interface Port Specifications
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Table 1-12 Serial interface Port Fin Descriptions

Pin | Name I Deacription w
1 — Not uaed
2 TXD, Transmit Data (RS-232-C)
3 RXD Receive Data (R8-232-C)
4 RTS Request to Send (RS-232-C)
& CTS Clear to Send (R5-232-C)
6 —_— Not used
7 8G Bignal ground (RS-232-C/R5-422)
;] — Not used '
9 RXD+ Receive Data + (R5-422)
10 R.,XD— Racajve Data - (R5-422)
11 CTa+ Clear to Send + (R5-422)
12 - Not used
13 —_ Not used
14 TXD+ Transmit Data + (R5-422)
15 — Not used
16 TXD- Transmit Data — (RS-422)
17 —_— No; used
18 RTS- Raquest to Bend - (R5-422)
19 RTS8+ Request to Send + (R5-422)
20 — Not used
21 — Not used
22 — Not used
a3 CTS- Clear to Send — (R5-422)
24 _ Not used
25 — Not used
Table 1-13 Communication Porf Specifications
Type RS5-232C/RS-422
Baud rate 300, 1200, 9600, 122K BPS
Data format Hex mode or ASCII mode
Connector 25-pin D), socket
Protocol N-sequence/K-sequence
Isolation No
Addressing Set to 1 or configurable from 1 to 90
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Paeripheral Interface Ports (continued)

CPU Protocols

Protocols
Supporded by each
Port

1-28  System Specifications

Use AUX 56 with MIU (PPX:5-10P) or AUX 26 with TISOFT to configure
station address, mode, and parity.

Table 1-14 Sofiwcre Selactable Station Address, Mode, and Parity

Selections
Parameter Range
Station addreas 1 through 90
Mode ASCII or HEX
Parity None or odd

Operator interface devices use one or both of the following communication
protocols to communicate with TI405 CPUs, See Table 1-15.

*  E-gequence — Commands CPU directly with proprietary command
codes

s  N-zequence (Hostlink) — Reads and writes memeory using published

protocol, commands CPU indirectly by writing to scratchpad memory,
limited to operations which ¢an be initiated from scratchpad memory,

Table 1-15 Protocols Used by TI405 Interlace Devices

Daevice Type Protocol
PPX:5_10P MIU K
CVU 100 K
TNEOFT Rel 1.0 K
TISOFT Ral 2.01 Kor N
JNet 2 N

NOTE: The bottom port on the TI435 can be configured for station address
(network #), Hex or ASCII mode, and odd or no parity using AUX 26 with
TISOFT Release 2.01 or AUX 56 with the PPX:S-10P MIU (MIU Firmware
V3.2 or greater). To enable the station address and configure baud rate, zet
the CPU dipawitches as shown in Chapter 2.

TI405 CPUs with firmware prior to V2.1 support K-sequence only on the top
(15-pin) port, and N-sequence only on the bottom 25-pin} port (TI435 only).
See Figure 1-9. V2,1 adds K-sequence to the bottom port of the T1435 so0
that it can now support N or K See Figure 1-10,
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D — K-sequence only D ——  K-sagquenca ofly

po—  N-segquance only

TIa25 CPU Ti435 CPU

CZ562

Figure 1-9 Prolocols Supported Before V2.1

I:| pp—e  K-saquaence only [I +——-  K-saquance only

—— N or K Sequence

T25 CPU TI435 CPU
102583
Figure 1-10 Protocols Supported by V2.1
CPU Rastrictions Because the T1435 CPU contains only one K-zsequence buffer and handler,
when Using K-sequence protocol cannot be used on both TI435 CPU ports at the same
K-sequence time.
A\ CAUTION Atiempts to use both TI435 CPU porte with K-sequence at the same
time can result in communication timeouts and incorrect data
transfers.

Because the TI435 CPU contains independent buffers and handlers for N
and K, no communication interference problems arise from using K on the
top port and N on the bottom port at the same time.
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Peripheral Interface Ports (Confinued)

Using 10-bi
Modems

Using MISOFT
Release 2.01 in
Botiom Port

K-sequence protocol was added to the bottom port to allow K-sequence
devices to communicate through more types of MODEMzs, The top port is
fixed at 3600 baud, 1 start bit, 8 data bits, odd parity (1 bit), and 1 stop bit,
for a total of 11 bits. Many MODEMSs cannot support 11 bits, but can
support 10 bits, The top port is unsuitable for these MODEMs.

The bottom port can be configured by the user to have no parity. This
removes ane bit and altows the use of 10-bit MODEMs, Additionally, the
bottom port ¢an be configured for 19,200 baud, resulting in faster data
transfer than the 9600 baud top port. '

TISOFT Ralease 1,0 for TI405 supported K-sequence protoeol only and was
intended for use in the top port. TISOFT Releasze 2.01 for TI405 added the
ability to communicate with either K- or N-sequence protocol.

When invoking Release 2.01 TISOFT with TI405, TISOFT tries K-sequence

first. If the CPU responds correctly with K-sequence, then TISOFT connects
and begins normal online operations, If K-sequence does not work, TISOFT

tries N-sequence,

This method of invoking TISOFT is generally acceptable, except when
trying to use TISOFT on the bottom port of a TI4356 CPU containing V2.1
firmware while the top port is in use. In this specific case, TISOFT attempts
to come online with K-sequence, resulting in both ports communicating with
K-zequence. As describad in "CPU Restrictions When Using K-sequence”,
the CPUJ does not support both ports using K-sequence at the same time,

NOTE: TISOFT cannot use K-sequence in the bottom port if the top port is
in use. TISOFT can use N-sequence in the bottom port if the top port is in
use.

To instruct TISOFT to try N sequence, first, add CA or CB to the normal
prompt to invoke TISOFT. CA looks for ASCIE N-sequence first while CB
looks for Hexadecimal (binary) N-sequence first. See Figure 1-11.

NOTE: If N-zaquence is not found, K-sequence will be tried.
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Examples of Invoking TISOFT
Falaaze 2.01 to try N-ssquence
PPX:S-10F MIU firat:

— K-sequence TI405 CA
Ti40& CB
Ti40E P2 CA
Tiaos F2 CB

Cannot use K-sequence
D"’f Must use N-sequence.

Tia35

Computar

1002584

Figue 1-11 Obtcining N-sequeance on TISOFT Release 2.01

Delermining ISOFT  To determine which protocol TISOFT is using, perform AUX 10, Syntax

Pratocol Check, Press either SYNTAX-F2 or DUPLIC-F3. If the operation succeeds,
then TISOFT is communicating with K-sequence. If the error message,
COMMUNICATIONS ERROR — BAD PROTOCOL SELECTION is received, then
TISOFT is communicating with N-sequence.

TISOFT Reshictions The following restrictions apply to TI405 TISOFT.

» N-gequence is an option on TISOFT Release 2.01 for TI405, but iz not
available on TISOFT Release 1.0.

s The following TISOFT Eeleage 2.0) operations are not available when
N-sequence protocol is used:

AUX 10 Syntax Check
STATUS/CHART CHGVAL (change value) except for V-mnemoery
Constant Editor in STATUS/CHART CHGVAL
* Because TISOFT STATUS and CHART use CPU memory to define which
data to read, only 1 TISOFT for each T1406 CPU can monitor status or

chart at a time, Thie is true regardless of which communication protocol
is uged (N or K),
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Peripheral Interface Ports (continued)

/NCAUTION

Subroutine or
FOR/NEXT Loop in
Stage (T435 Only)

UVPROM Carfridge
with Ti435

TI425 with HSC

SP53 with FIND
Instruction

Serical Porl on TI435

MOVMC Insinuction

1-32 System Specificaions

Attempts to view status and/or charts with more than one TISOFT
for each TT405 CPU can result in incorrect data on the TISOFT
sereens. However, the actual memory in the CPU is not adversely
affected by this condition.

In previous TI435 CPU releases, OUT and TMR instructions contained in
subroutines or FOR/NEXT Loops did not operate properly in Stage
programs. If the stage containing the GTS or FOR/NEXT instructions
becomes inactive, the OUT instructions remain on, and timers are not reset.

Solution: 'TI435 CPU V2.1 corrects thiz problem; OUTs are turned off and
timers are reset,

In previous TI435 CPU releases, the UVPROM cartridge (PPX:G-14M)
would reference only the default memory assignments for retentive ranges
and system parameters. ‘

Solution: Release 2.1 T1435 CPU firmware corrects this problem. For
further information on problem, see Technical Advisory PPX:405-004.

T1425 Version 1.6 firmware failed to report the number of points in /O
configuration for the PPX:U-01Z High-Speed Counter (HSC) module.

Solution: This problem was corrected to report 16 input and 32 output
points for the HSC.

In previous firmware releases, error indieator SP53 was not reset
immediately prior to the FIND instruction (TI435 only). If SP563 was on
prior to a FIND instruction, it would remain on after the FIND instruction,
even if no error was encountered.

Solution: This problem was corrected so that SP53 is reset hefore
executing the FIND instruction.

The 25-pin serial port on the TI435 continues to be a slave port only.

Solution: The serial port was modified to function more like the
PPX:U-01DM Data Communication Module {DCM). Also, the serial port
now supports data type 39, network status.

In previous, firmware releases, executing the MOVMC (T1435 only)
ingtruction would occasionally result in a CPU fatal error.

Solution; This and other problems with the MOVMC instruction were

corrected.
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2.1 Safety Guidelines

/A WARNING

This chapter presents recommended installation practices and procedures.
Since no two applications are identical, these recommendations should be

considered as guidelines,

Control devices can fail in an unsafe condition, This means that,
unless proper safeguards are incorporated by the user, certain
malfunctions of these devices could lead to a sudden equipment
start-up. Such a start-up could resuit in property damage and/or
severe physical injury to the equipment operator.

If you, or your company, use any programmable controllers with
equipment which requires an operator or attendant, you should be
aware that this potential safety hazard exists and take appropriate
precautions. Although the specific design steps depend on your
particular application, the following precautions generally apply to
installation of solid-state programmable control devices.

In addition, these precautions conform to the guidelines for
inatallation of Programmable Controllers as recommended in the
NEMA ICS 3-304 Programmable Control Standards.

ICS 3-304.81 Safety Recommendations:

Consideration should be given to the use of an emergency stop furction
which is independent of the programmable controller.

Where the operator is exposed to the machinery, such as in loading or
unloading a machine tool, or where the machine cycles automatically,
consideration should be given to the use of an electromechanical nverride or
other redundant means, independent of the programmable controller, for
starting and interrupting the cycle.

If provision is required for changing programs while the equipment is in
aperation, consideration should be given to the use of locks or other means of
assuring that such changes can be made only by authorized personnel.

These recommendations are intended as safeguards against the failure of
critical components and the effects of such failures or the inadvertent errors
that might be introduced if programs are changed while the equipment is in
operation.*

*  The ICS 3-204 81 Safety Recomnmendations are reproduced by permission of the National
glectjic?il Mapufacturers Association from NEMA ICS 8-804, Programmable Controller
tandard.
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2.2 Safety Considerations

Pre-installation planning and site preparation must include consideration of
hazards to personnel during a system failure, The equipment connected to
the TI425/T1435 PLC should include interlocks and safety switches to
prevent operation during a system failure. Although the specific steps
depend on the application, the general precautions meclude the following

topics.

Disconnecting Provide a means for disconnecting power—independent of the PLC--from
Power the output loads when a machine is not operating, or when it is necessary
for the operator to reach into the machine. Power must be removed by a
non-semiconductor switch or a physically-wired relay contact, placed to
interrupt power to the output. It is not sufficient to rely solely on the PLC
for thig function, Figure 2-1 illustrates an operator safety switch.

Rolay contacts or limit awitches
open when operator must
raach into machine.

o % i :/l/—c- + Usar-supplied
\ oritical loads
which could

o | | ‘;/l/_c - causa injury
hand
A

Loads which
could not

s i 4| cause injury
A

Dutput
Moackule

Output points from
the programmable controller

Figure 2-1 Operctor Scdety Switch
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Disconnecting Provide a means for removing power from the output if an emergency
Power for condition oecurs during operation. Do this by disconnecting output power
Emergency with a non-semicondtictor switch or hardwired relay contact, not through
Conditions the programmabile control system. This type of switch is shown in
Figure 2-2.
Emorgnnr.'y Fleael Guard
tnp Limit Swilch
L I
I ’ Elac!romad-.amcal
Relay
Contacts of
slactromachanical relay C1
C1
0 0 User-supplied
critical loads.
c1 which could
o4—] |——ﬁo/|/—o———-0 cause injury
Output
Mockila
g dl
A Loads which
could not
o H cause ir?jury
Outputs from the
programmable controllar
Figure 2-2 Ermergency Stop Switch
SIMATIC TI405 User Manual Instaflaton 2-5

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com



Safety Considerations (continued)

Bypass the programmable control system with an external JOG or INCH

Bypassing PLC for
Machine Loading switch during machine loading or setup operations. See Figure 2-3.
Swilch or contact
Jog  closed inthe jog
l | or inch mode
5 o— |
Lsar—supplind
o e e} G
Switch'or mcnr;tact caLse injry
1 in the
Output Ogﬁnm mm’:l%g
Moadula
Outputs from the
programmable controllar
Figure 2-3 JOG or INCH Swilch
SIMATIC: TIAGS User Manual
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Enclosure Selection

Tempercture
Considerations

As a minimum, an enclosure for a TI425/T1435 should provide the following:

+ Easzy access to components.

s A common ground potential on the cabinat.

* A secure vertical panel or rails.

»  Conformance to electrical standards.

*  An electromagnetic shield.

s Access restricted to anthorized personnel only.

. Protection from dust and dirt in an industrial environment.

Mount the T1425/T1485 components in a suitable enclozure for your
environment. If the components are in a severe environment, you should
consider the use of a dustproof and drip tight enclesure such as a NEMA
Type 5 enclosure. The enclosure must provide 2 minimum depth of 12.7 em
(5 in) from the panel to the inside surface of the enclosure door. A minimum
of 16.3 em (6 ) is required if the MIU is to be left attached to the CPU
when the door is closed. The enclesure should be located so that the doors
may be opened fully, permitting easy accesgs to the PLC, wiring, and
components. If environmental conditions permit, a 19-inch rack may be
used instead of a NEMA enclosure.

‘When preparing your installation, plan for an adequate air flow to ensure
proper cooling of equipment. Do not permit the convective cooling of the
PLC to be hindered. Mount the PLC in an upright position, so that cooling
vents are at the top and bottom of the device rather than on the sides, This
permits the maximum corrvective air flow around the modules.

House the PLCs in a eabinet having enough clearance to prevent the
accumulation of hot air. Unless ambient temperatures are extremely high, a
fan or air-conditioned cooling is unnecessary to keep TI425/T1435 PLCs
below their maximum-rated operating temperature of 60°C, measured
above the modules inside the enclosure,
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2.3

Grounding

Grounding the
Equipment

Single-Point
Grounding

2-8&

installation

A good prounding system is essential for proper operation of a TI425/T1435
system and should be one of the most important considerations in planning
your installation.

The structural ground prezent in many industrial environments does not
provide an adequate ground return where direct wire connection is not
feasible. This section is a discussion of grounding, electromagnetic
interfarence {(EMI), and other electrical considerations. Follow the
guidelines to be certain to meet all wiring requirements.

As s minimum, use #12 AWG stranded copper wire for the ground return.
Minimum wire sizes, color coding, and general safety practices should
comply with all appropriate electrical standards and codes. Screw
connections between enclosures and bases provide grounds and should be

tightened properly.

Connect any T1405 component with an external chassis or external ground
terminal on its power connectors to the subpanel ground bus. This
connection should exhibit very low DC resistance (0.05 chm) and low
high-frequency impedance.

Connect the sub-panel ground bus to a single-point ground, such as a copper
bus bar to a good earth ground reference. The single point ought to be the
center of a “star” configuration to minimize device-to-ground distances.

To achieve low impedan¢e from device to single-point termination, 0.65
centimeter or larger ground braid should be used. A good rule of thumb is ta
require less than 0.1 ohm of DC resistance between device and single-point
ground. This is accomplished by removing the anodized finish and using
copper lugs and gtar washers.
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Guldelines for
Ground
Connectlions

Use particular care when establishing the ground connections. The
following technigques establish good electrical connections and increaze
syatem noise immunity.

Terminate grounding braid and green wires at both ends with eopper
eye lugs to provide a good contact surface. Lugs should be erimped and

soldered.

Use #10 copper bolts (or equivalent) for those fasteners providing
electrical connections to the single-point ground. This applies to
device-mounting bolts and braid termination bolts for subpanel and
user-supplied single points. Tapped holes for these fasteners are better

than put-bolt arrangements.

Paints, coatings, and corrosion can prevent good electrical contact at
ground points. Remove these impediments in the area of contact and
use external toothed iock washers (star washers) to ensure good
continuity and low impedance. This practice should be used for all
terminations—lug to subpanel, device to lug, device to subpanel,
subpanel to conduit, etc. Examples of pround connections are shown in

Figure 2-4.
Subpanel Equipmant
\\ i Ground braid
. AR RN COppar IUQ.B
Star 3 R Step 2 Smp ;
Wﬂstgara e i
é H 53 :
"3
=
/ E
Stap 2
f Subpanal —" |}
Step 3 or usereumpliod =
Slep 1 Step 4 single point
ground
Grounding squipment directy Attaching ground leads to
B tha sub-pansl

1. Remove the finish from tha
equipment at areas of contact.

2. Tighten the halt.
a. Tighten the first nut.
4. Tighten the sacond nut,

1. Remove the finiah from the
equipmant at araas of contact.

2. Tighten the boh,
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Wiring Guidelines

2-10

Installation

Consider the following guidelines before installing any system or power
wiring.

Always use the shortest possible cable.
[T=e a single length of cable between components,
Po not connect short pieces of cable to obtain additional length.

Aveid placing system and field wiring in the vicinity of high-energy
wiring.

Keep field input wiring, output wiring, and all other types of wiring in
the panel physically separated. '

Consider separating DC field wiring from AC field wiring wherever
possible.

Avoid sharp bends to power and data cables. Use 7.6 cm (3 inch) radius
on all bends.

A good low ground impedance of 0.1 ohm or less must exist for all
components in the system.

Use wireways for wire and cable routing when pessible.
Keep wire strippings from falling into modules, controllers, or bases,

For long return Lines to the power supply, do not use the same wire for
input and output modules. Using separate return wiring for these
modules minimizes the voltage drop on the return lines of the input
connections.

SIMATIC 11405 User Manuol
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2.5 Avoiding Electrical Noise

Definition and
Source

Hondling Noise

Electrical noize ie defined as any unwanted electrical signal that enters the
vontrol equipment. Noise signals cover the entire spectrum of frequencies
and may have any wave shape. The largest single difficulty with noize is
that it is not always present. Continuous, or frequent, periodic noises
generally are easy to detect and remedy. Intermittent noise sources that
produce short, high-energy bursts at irregular and widsly spaced intervals
cause the majority of difficulties.

Noise has a number of different pathways into control equipment. It can be
conducted through sigmal or power wiring or can be radiated by
alectromagnetic waves. Condueted noise typically is coupled with the signal
or power wiring, either electrostatically or magnetically. Electrostatic
coupling occurs through paragitic capacitance between the noisy line and
the signal/power line. This requires high voltage or high rate of change of
voltages in the noisy line and high parasitic capacitance between lines, This
typically is the case for long wire runs in the same conduit.

Magnetic coupling oceurs through parasitic mutual inductances between
lines. This requires high currents or high rates of change of current, as well
as significant mutual inductance, which may result from proximity of

wiring.

Electromagmetically radiated noise typically is high frequency (radio waves),
The control system and its wiring may act as antennas in picking up noise
signals. This pathway is least likely to present problem levels of noise, but
its sources are common in industrial applications.

The primary sourceg of noige in industry are those devices (and their wiring)
that produce and switch high voltage and current. Typical examples include
large motors, welders and contactors that switch heavily inductive loads
such as brakes or clutches.

When potential noise gources are identified, two general methods are

Problems available to handle them. These methods are noise suppression and noise
isolation.
SIMATIC TI405 Usewr Mo Instalietion 2-11
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Avoiding Elecirical Noise (contfinued)

Noise Suppression

2-12 Installation

You can use noise suppression (snubbing) to reduee neise at its source,
Applicable only to devices driven by mechanieal eontacts, snubbing
suppresses arcing at electrical contacts caused by turnoff of inductive loads
(e.g., relays, motors, motor starters, solenoids). Load side suppression
reduces voltage transients at the load, preventing them from traveling back
to the contacts where they would produce a showering arc and couple with
adjacent wiring.

You may achieve an alternative type of suppression by placing an RC or
varistor circuit (shown in Figare 2-5) across the contacts, parallel to the

switch.

Both types of snubbing cause the physical devices to come on or go off more
slowly. The RC and varistor elements should have minimal effect on system
timing: their time constants are subhstantially less than 1 millisecond.

- 120 VAC - 120VAC ———
Discrete Discrete
input Load input Load
—] | ' O ' +—| | b
[+ R MOV
E—m—rt /]
Discrats input Digcrate input |
moduls pratection module protection
RC type noise anubbing MOQV snubbing

Figure 2-5 Excamples of Noise Snubbing
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Isolation

The zecond appreach to reducing naoise is to izolate the problem device and
its wiring from the electronics and associated signal wiring. You may
accornplish this by increasing the physical digstance from some types of noisy
devices. For extreme cases, electrostatic (metal) shielding may he required.
This is true for nouise sources outside az well as ingide the mounting cabinet

(NEMA-type recommended).
Two cases of field wiring warrant special attention:

*  Wiring that enters the harsh noise area to enable monitoring and
control of those devices, and

e TTL or low-level (less than 24 V) wiring.

In these cases, suppiement the physical separation between control and
noige-prone wiring with shielded, twisted-pair wiring (12 twists/ft) for the
control signals.

Ground the shield at the electronics side only to the single-point ground.
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2.6 Base Installation

Base Configuration Use the following guidelines for connecting expansion bases in a daisy-chain
Rules group.

+  Up to four bases can be connected in series.

«  Bases are connected wsing either a PPX:TJ-10J 1.0 meter (3 ft)
expansion eable or a PPX:UJ-05J 0.5 meter (1.5 ft) expansion cable.

*  The cable coming from the preceding base plugs into the top expansion
connector as shown in Figure 2-6,

*  The cable going to the following base plugs into the bottom expansion
connector as shown in Figure 2-6.

»  TI405 can support up to 320 input peints and 320 cutput points, but
when nsing 16-point modules, the maximum numhber of I/0 points is
16 pointa per medule x 8 modules per hass X 4 hases = 512 paints

+  If only eight point modules are used, the maximum number of 1/0 is 8
points per moduie x 8 modules per hase x 4 bases = 256 points

s 8 and 16 point discrete modules may be mixed in any order on the base,
*  On any base, the maximum number of 170 modules s determined by
the total power consumption of the modules used. Figure 1-5 is a chart

that you can copy and use to calculate the power congumption for a
proposed hase configuration.
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Figure 2-6 Base Configurction Example
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Base installation (continued)

Bose Mounting All dimensions in the following base disgrams are specified in mjllimeters.
Dimensions
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Figure 2-7 Base Mounting Dimensions
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2.7

Seflting the CPU Dipswitch

Selecting the CPU
Battery Backup

2-18

Table 2-1 summarizes the dipswitch settings for the CPIJ dipswitch located
in the rear of the CPU as shown in Figure 2-9.

Table 2-1 CPU Dipswiich Seftings

Bwitch

5W1

Balection

On—CPU battary disablad

Off—CP1UJ battery enabled

5w2

On—S8tation address is 1

Off —Station address sst via MIAS

s5wa

Baud rate selection for the gensral purpoas port

8wW4

Baud rate selection for the general purpose port

The dipswitch block is located at the rear of the CPU ag shown in
Figure 2-9. When 8W1 is Off, the CPU backup battery is enabled. This
backup battery maintains the contents of the system parameters when the

external power iz turned off. On the TI425, the backup battery also

maintains the contents of the CPU program.

Installation

Figure 2-9 CPU Dipswitch

SIMATIC TI405 User Manual

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com



Selecting the SW2 on the dipswitch shown in Figure 2-9, controls the default network

Network Address
Default

address used on the serial interface port of the TI435 and the TI430. The
' TI425 does not use this switch. When SW2 is On, the CPU defaults to
address *1”. When SW2 is Off, the address is set with the MIU,

Selecting the Seridl 5W2a and SW4 on the dipswitch, shown in Figure 2.9, control the baud rate
Port Baud Rale at which the serial interfaceé port operates. Table 2-2 liats the baud rates

corresponding o the settings of SW3 and SW4.

Table 2-2 Serial Inferface Port Baud Rates

Bauod sEwWa SW4 |
i ininl
300 Off Off
1200 Off On
8600 On Off
19200 On On

SIMATIC 11405 Usar Manual
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2.8 Installing the CPU and Expansion Unit

Instaliing the CPU Ingert the CPU or Expansion Unit into leftmost slots of the base, as shown
and Expansion Unit in Figure 2-10.

1. Tik the top of the CPU or Expansion Unit forward so that you can hook
the tabs at the bottom rear into the slots at the bottom of the basa

frame.

2, Push the CP1J or Expansion Unit toward the base until it is securely
seated.

3, Tighten the securing screw.

T,
g
S
-~
N
T,
/
"]

Figure 2-10 Inseding the CPU
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Connecting the Remove the large front panel on the lefi half of the CPU or Expansion Unit
Line Power Wiring module. Insure that line power is off, then connect line voltage supply wires
to terminals 8, 7, and 8, as shown in Figure 2-11,

Connect or remove the shorting bar for either 110 VAC or 220 VAC line
supply voltage as discussed in the rest of this section. Finally, replace the
large front panel to cover the line wiring.

m AUM FWRO O BATT
{-antral Processing Unit TERM AUNG O /O
SIMATIC Ti435 sTOR CPUO O cOM
©
AUN |t
24V — 1
[ f==3] 24V— — o
s -
a=fil - :
Torminal & -
CEI"nT-!::is Ground - | 2 o
Tarminal 7 1
tne” e 4
Tarminal & i
AC Newtral—""" |
220/
110 ‘
| ||| i : )
Shorting —\ 1 /
Bar
Figure 2-11 Connecling the CPU Line Power Wiring
AWARNING To minimize risk of potential shock hazard and injury, be sure the

unit is properly installed in an enclosure to minimize access to
electrically live terminals. Only persons knowledgeable in the safe
wse of high voltage should perform this operation.
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installing the CPU and Expansion Unit (continued)

Selecting 110 VAC To operate your CPU or Expansion Unit from a 110 VAC supply veltage,

Supply Voliage install the shorting bar in place as shown in Figure 2-12.
Selecting 220 VAC To aperate your CPU or Expansion Unit from a 220 VAC supply voltage, do
Supply Vollage not ingtall the shorting bar. See Figure 2-12.
110 VAC Supply Voltage re— 220 VAC Supply Volinge L]
s 8 8 2l
AUN I‘L Iﬁl RUN ® ﬁ
) )]
24 Ve = ;‘E:I 24+ — EZJI
il ¥
24v- ;;iﬂl 24V~ = ':23'
ey ol
wa - ';E:I TR :_Z:I
[ ] ; ]
= /go KT et =
Ly té‘."..l bar for 220 i Eﬂl
o o
Install the shotting barfor | Eﬁl Ae R
110 VAC Supply Voltage g ,.-v_,
o s - A
ol =
o | [
10 lr-?'!-'
R
Figure 2-12 Selecling 110 or 220 VAC Supply Vollage
2-22 Installation SIMATIC TI405 Usar Moanual

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com



The PPX:435DC-CPU does not require the shorting bar as diacusse'd in thig
chapter. Insure that the DC line power is off and connect the chassis ground
and DC line supply wires to terminals 6, 7, and 8 as shown in Figure 2-13.

CPUFOWER 125 VDC
AUN PWRO © BATT
Cantral P Linkt TERM RUNG © 1O
SIMAT!MDC STOF cPUC © COM
| aswncn @ { @ ,
Ly
RN |
o] |
= | i
i
L J [i2
| l @1
—— L
tark (ol
a - B
Teminal 8 1 D28
Chassis Ground -~ |} voC
Tominal 7 1] "_‘:_
DeC + 1 —
Teminals __ T !
DC— : A
: (e
8]l

Figure 2-13 TI405 (PPX:435DC-CPU)
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Installing the CPU and Expansion Unit (continued)

The PPX:435DC1-CPU does not require the shorting har as discussed in this
chapter. Insure that the DC line power is off and connect the chassis ground
and DC line supply wires to terminals 6, 7, and 8 as shown in Figure 2-14.

CPUPOWER 125 VDT
| SIEMENS AUN FWRC O BATT
Cantral Proosssing Unit ~ TERAM AUNG OO
SIMATIC TI435DC1  zror CPUG O GcoM
el —— (O Te
SOEOHT j
AUN ]i_ |
Hmﬁ
i &
Lﬁﬂr a o ‘
a -]
Tarminal 6 | o145
Chaasia Ground - (1 |
E%ﬂnlnal 7 ol
+ =S ' —
Teminal 8 1 '
DC- ] 4
\ © )
Figure 2-14 TI405 (PPX:435DC1-CPU)
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2.9 Installing the 1/0 Modules

Inzerting the 17O Insert the Input and Output modules into the base, as shown in
Modules In the Figure 2-15,
Boise

1. Tkt theze modules and hook their rear tab into the base in a similar
manner as the CPU.

2. Push the modules toward the base to seat them securely,

3. Tighten the securing screw.

Securing

Figure 2-15 Inserting the /0 Modules
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Installing the 1/0 Modules (confinued)

Wiring the |/0 The TI405 I/Q modules feature a removable terminal block to make wiring
Modules engier, As illustrated in Figure 2-16, to remove the terminal block:

1. Remove the I/0 module cover.
2.  Loosen the terminal block retaining serews.

3. Pull the terminal block away from the module.

The actual wiring terminal functions for each /O module are listed in
Section 2.14.

To reinstall the terminal block:

1. Insert the terminal block onto the /0 module edge card connector.
2. Tighten the retaining screws.

3. Replace the YO module cover,

INPUT 12~ 24V
6 4 0 4
Tarminal Block :
Retaining Screw Mgl
]
b4
@
[¢23)
|
=l
®
®
()
@ ol
==\
)
Taminal Block
Relaining Screw

Figure 2-16 Removing the Terminal Block
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2.10  Installing the MiU

Connecting the You can connect the Machine Interface Unit (MIU) to the CPU either
MIU to the CPU directly as shown in Figure 2-17 or with the PPX:S-30JP or PPX:S-15JP
cables as shown in Figure 2-18.

1. Remove the connector cover on the upper right hand side of the CPT,

2. Attach the MIU diractly to the front of the CPU by mating the 15-pin

connectors, or attach the conneeting cable between the MIU and the
CP1I.

Figure 2-17 Connecting the MIU Directly to the CPU
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Installing the MIU (continued)

Central Processing Unit

Machine
Interface Unit

1@::?}

Figure 2-18 Connhecling the Mil 1o the CPU with a Cable

Adjusfing the MiUs In addition to the backlight, the MIU has a contrast adjustment control as
Contrast shown in Figare 2-19, Using a small Phillips-head screwdriver, follow the

2-28

steps below to adjust the contrast.

1. Toincrease the contrast, turn the contrast adjustment control
counter-clockwise.

2.  To decrease the contrast, turn the contrast adjustment control
clockwisge,

Contrast
Adjustmant

Figure 2-19 M Contrast Adjustrment Location
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2.11  Selting the CPU Operating Mode

CPU LEDs

CPU Kayswitch

TERM Made

The TI425, TI430, and TI435 CPUs have six LEDs that provide a visual
status of the operation of the TI405 system. These LEDs are located in the

upper-right of the module a2 shown in Figure 2-20.

* The PWR LED lights when the power supply 12 producing +5 VDC.
* The RUN LED lights when the CPU is exeenting the program.

= The CP1J LED lights when a CPU error is detected.

#  The BATT LED lights when the backup battery voltage iz low.

=  The I/O LED lights when an I/Q error is detected.

+  The COM LED lights when a communication error is detected.

SIEMENS - RO © aaTr

Cantral Procsssing Unit TEAM AUNG © 11O
SIMATICTHM35 Mo O COM

E

A& ©) ll

Figure 2-20 The CPUs Keyswilch and LEDs

The TI425, TI430, and TI435 CPIJs have a keyswitch located near the top
front center of the module as shown in Figure 2-20. The keyswitch has three
settings that contro] forcing the module inte RUN mode, forcing the maodule
to stop, and the normal terminal mode for operation from 2 programming
device,

To prevent an accidental start-up when you are working on wiring in remote
locations, set the keyswitch to stop and remove the key.

In addition to the force RUN and force STOP modes, you will normally set
the keyswitch to the TERM or terminal mode, This mode accepts
instructions from a programming device such as the Machine Interface Unit

(MIU}.

In TERM mode, you can use the MILT to set the CPU to RUN mode, STOP
muode, or TEST mode. TEST mode allows you to execute a single scan of a
program and perform other operations for debugging your program. TEST
mede is described in more detail in Chapter 3—Troubleshooting.
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2.12 Configuring the I/O

Automatic 1/0 The TI406 CPU is abie to sense the I/O modules in its bases and
Configurction automatically assign addresses. The input module closest to the CPU is
assigned a starting address of X0. The output module closest to the CPUis
assigned Y0, The CPU assigns consecutive blacks of 8, 16, or 32 octal
{base 8) addresses to each module. The input and output modules may be
intermixed in any gequence.

For example, suppose a 16-point input module was installed in base 0
adjacent to the CPU, It iz followed by two 16-point output modules and
another 16-peint inpnt. The first input module is assigned addresses X0
through X17 (octal). The first output is assigned YO through Y17, The
next module is Y20 through Y37 and the fourth is X20 through XA37.

The CPU sutomatically configures the I/0 when power is applied, unless the
POWERUF CFG CHECK is turned on using AUX Function 44. The best way to
make sure that the 1O configuration is recorded is to press (3] e ] [anc]
Canl and look at the resulting display as shown in Figure 2-21.

1]
o1

[RUN
Orest
APGM

AUX 48 CFG /0

1TPAUTO 2¢MAN
T 1 01 1 t1 1176854321 07¢%%4& 3z 140

Figure 2-21 1/0 Configuralion Meanu

To select automatic configuration, press T3} (et} and wait for the message
OK to appear. Press to leave AUX 46. As an alternative to
eycling power to record the changed configuration, you can select the new
configuration by pressing 3] 5] Cavx} () T ] and seeing the
message CFG = NEW displayed. Youn can then press[& 13 1 a1 [EnT ] to
view the I/0 configuration. A display similar to the one below appears.
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Use [ ] and [FBEY) to step through the configured modules. When you are
satisfied with the configuration, press (s8] [EGT] to leave AUX Function 41,

It iz good praectica to turn on the POWERUP CFG CHECK using AUX Funetion
44 onee the /O has been configured. This alerts you to whether or not the
IO module arrangement was modified while power to the system was
turned off. It also prevents the possibility of the changed configuration
being automatically saved as correct, once power is applied.

From a cleared display, press 4 1[4 ] [aux I [EnT | and you see the display
shown in Figure 2-22,

@_
2

R
ARON AUX 44 POWERUP CFG CHECK
(HTEST (v /N )

DPGM F'r 1 by i YE S 432190 7 8 3 4) 10

Figure 2-22 Power-up Configuration Check Displcy

A flashing eursor is positioned over either the Y or the N. Use G ] to move
the cursor over the V, if it i¢ not already there, and press (st ]. The message
PWRUP CHK ON is displayed. Press (EnT ] again to exit the AUX function.
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Configuring the 1/O (continued)

Defining Your 1I/0
Configuration
(435 only)

2-32 Installation

If your application requires an unusual ¥/O configuration, such as having X0
and X300 on adjacent input modules in the CPU base, you need to nse the
manual configuration option in AUX 46, From a cleared display, press

] s Gam ] (et | te display the message shown in Figure 2-23.

%

ApuXx as CFa |1 /0

1TPAUTO 24MAN
t 1T v v 1 @it 1 7T F &5 43 2 107 6 & a4 3% 72 140

B

Figure 2-23 AUX 46 Function Menu

Press (37120 to select manual configuration, and a display similar fo
0/0 X 0 will appear. This shows that base 0/slot 0 contains an input
module with & starting address of X0. Use [axt] and [Faev] to step through
the modules until you reach the one that you want to modify. You may also
step directly to a particular base and slot position hy pressing [exr] and the
base and slot number,

For example, to select base 1/slot 3, pressCar 11 12 J[wxr 1. To
assign a starting address of Y300 to the output module at that position,
press [ 1 31 10am . You could assign a starting address
of X140 to the input module in base 1/slot 2 by pressing
57 e [ | T 8

Although the automatic configuration function recognizes 8-point YO
modules, and assigns starting addresses accordingly, the manual
configuration operation assumes that all modules have at least 16 points,
This means that manually assigned addresses must be an even multiple of
20 (octal), such as X20, Y60, or Y300. Addresses such a3 X10 or Y50 are not
allowed as manual configuration entries.
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/AWARNING

Once you have entered the desired configuration, press to exit
the AUX function and save your configuration to memory. Your
configuration is saved until you use AUX 46 again to manually modify the
configuration, or to automatically comfigure the 1/0.

¥ you save your program to memory cartridge or cassette tape, be sure that
¥ou also save the system parameters by repeating the save funetion and
selecting the Y5 option. If you do not do this, your memory configuration is
not saved along with your program, and may be lost. If you save the system
parameters to memory cartridge or tape, your 1/O configuration can be
retrieved by using the SYS option in the appropriate load function. This
saves having to manually configure the I/0 after the program is loaded.

Manual configuration of a single module causes the 1/0
configuration of the preceding and following modules to change,
The TI405 does not allow you to assign duplicate point numbers,
The completed 1/0 configuration must be checked using AUX 41 to
help ensure that all I/0 address assignments are correct hefore
selecting RUN mode. Failure to check and correct I/O configuration
errors hefore switching to RUN mode could cause equipment
damage and potential injury to personnel,
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213 1/0 Module Numbering Notation
The TI405 I/O modules incorporate two methods of module identification,
Each module has a ¢olor strip (located just below the module number)
»  Blue for all input modules
»  Red for all output modules, and
s  White for all special modules, (See Figure 2-24.)
The second identification method is incorporated into the module’s unique
number.
»  The first digit of the number indicates the circuit type.
»  The second digit indicates the number of points.
+  The third digit indicates whether the module is an input or eutput
module.
T
\ ™ Unique product number
IN:'UJ' 0%24 v that identifies the module.
1
Color coding for modgile
identification:
Blue — Input
Red — Outpurt
, Whito — Special
PPX:U-OTSN‘R
0 — Contact switch 0—4 3points N — Input
1 — Transistor switch 5=7 16 points T — Chntput
{open collsctor sink) a8 32 points
2-—AC
3 — Logic TTL
5 — Source
Figure 2-24 Idenfifying the I/0 Modules
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2.14 Wirng the Input Modules

' ™
INE’FLBIT 12~-24 VOC
rA—r 8—
P s 1 s
g ?" gl."-t;:.‘:.ISI'tl
& '“fﬁ'ﬁmm—@;(T
- }+ S ?JA Taz ?“_i® L—L
T Rl _:®
° T = ‘®"‘® _a:“:®®
so——— IR 2 :®
o 3 ¢l Z
-+ o o c37 10 ’® -1®®
; n— 4. ®I"® '—_;_G:®®
— o o 05 12=®r19® _D‘_§“®®
‘ _ Py 16 14®,15® _l‘®'®
e © — z 18 ‘ _z‘®
5 o 7 ®17® i @
— 3 18 I = J@
o .‘® 19® O®
Fl®— X
&® o | X

Figure 2-25 PPX:UJ-05N 12-24 VDC Input Module (Negative Logic)
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Wiring the Input Modules (continued)
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INPUT 100~-240 VOO
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Figure 2-26 PPX:U-20N 115/230 VAC Input Module (Negctive/Positive Logic)
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- N\
INPUT 100~-120 VAC
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Figure 2-27 PPX:U-25N 115 VAC Input Module
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Wihing the Input Modules (confinued)
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Figure 2-28 PPX:U—SON 24-48 VDC Input Module (Isolated)
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Figure 2-29 PPX:U-55N 12-24 VACNDC Input Module
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2.15  Wirng the Ouiput Modules

QUTPUT RELAY
T8 FU
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Figure 2-30 PPX:U-01T 8-Point Ralay Quiput Module
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Figure 2-31 PPX:U-05T 16-Foint Relay Output Module
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Whing the Output Modules (confinued)
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Figure 2-32 PPX:U—12T 12/24 VDC Output Module (Negative Logic, Sinking)
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Figure 2-33 PPX:U-15T 24 VDC Output Module (Negative Logic, Sinking)
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Wiring the Output Modules (confinued)

2-44
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Figure 2-34 U—20T 8-Point 115/230 VAC Output Module
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Figure 2-35 PPX:U--25T 16-Point 115/230 VAC Output Module
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wiring the Output Modules (continued)
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Figure 2-36 U—5ST 12/24 VDC Output Module (Positive Logic, Sourcing)
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2.16 Connecfing the Input Simulator Module

PPX:U-055 Input The Input Simulator module can operate as either 8 or 16 input points by

Simulator Module setting the selector switch to the desired number of points, as shown in
Figure 2-37. If you select the 8 input mode, A through A7 are active and
LED #8 lights when power is applied to the system. If you select the sixteen
input mode, all inputs are active and LED #16 lights when power is applied

to the system.

Selaction
LEDs

SIMATIC TI05 User Manual

N ([

ﬁ

INPUT SIMULATOR I

e I

8 or 16 Inputs
M TD) Selector Switch

V

Front View Raar View

figure 2-37 PPX:U-05S input Simulator Module
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Chapter 3
Troubleshooting and Maintenance
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3.1

Infroduction

3-2

Troubleshooting methods for any machine contral system usually rely
heavily on isolation techniques. The TI405 system provides several isolation
techniques for quick problem identification and resolution. The Machine
Interface Unit (MIU), eoupled with the LED indieators on all modules,
provide an instant visual indication of the system and individual module
status,

One isolation technique is to detarmine the power flow status of a diserete
point. The MIU, functioning as an operator interface, displays the power
flow status of any discrete point referenced in a program. This is useful for
isolating points located in a remote base.

The MIU can also be used to monitor program progress, view operand
values, and set operand values. Section 3.4 describes several methods for
using the MIU as a troubleshooting tool.

SeM-test diagmostics provide another isolation technique. The MIU contains
a complete zet of self-test diagnostic routines to determine the operational
status of its features. The TT405 CPUs provide internal diagnostics during
run-time, and specific services when the system is in program mode. By
using the system supplied Special Relays, a program can detect and respond
to problems that may occur in a TI405 system.

An ofien overiooked troublesheoting method is preventive maintenance. The
TI405 system requires very little preventive maintenance. The only
requirement is to replace the CPU and Memory Cariridge (MC) battery
periodically, Battery replacement details are provided later in this chapter.
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3.2 PPX:U-01NI Interrupt Input Module, & Read/Write Shared RAM on MIU

PPX:U-O1NI
Inferrupt Input
Module

Read and Wiite
Shared RAM (AUX
47 on MIU)

TI425 CPU V2.1 and TI486 CPU V2.1 are the first firmware releases
compatible with the PPX;U-01NI Interrupt Input Module.

This module is an 8-channel, isclated-input module that provides TI405
controllers with interrupt capability. These interrupt inputs, used in
conjunction with immediate inputs and cutputs, are particularly useful in
applications that require data to be acted upon in less than full program

scan time,

When an interrupt signal is received, the CPU immediately goes to the
interrupt routine with the same label number as the input point, and begins
execution. The routine is executed, and the CPT resumes the normal sean
until ancther interrupt signal is received.

For more information, refer to the SIMATIC TI405 Interrupt Module
Manual (PFX:405-8109). .

AUX 47 was added for the MIU to allow reads and writes to shared RAM on
17O modules that use the I/O (serial} bus. This function is available on TI425
and T1435 CPUs, V2.1 or greater, using MIU V3.6 or greater. Up to four
bytes can be read or written each time.

NOTE: Currently, the PPX:U-01Z High-Speed Counter module is the only
TI405 1/0) module with shared RAM that uses the /0 (serial) bus. The
PPX:U-(01DM Dats Communication Module, PPX:405—LIC Link Interface
Controller, and the PPX:U-03RM Smart Slice Master all use the paraliel
bus rather than the serial bus.
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PPX:U-01N! Interrupt Input Module, & Read/Write Shared RAM on MiU (cont.)

For example, Figure 3-1 shows how to read the preset value from a
High-Speed Counter (PPX:U-01Z) module located in base 0 slot 2 and then

change this value.

KEY SEQUENGE

] (=1 [

ENT

o1 [E]

[z] (&]

[ 2] [EWF

] &)

MIU THSPLAY

AUX 4" VO CFG
AUX 47 INTELLL 110

AUX 47 INTELLL. 1O
!/ { [/ BASE?

AUX 47 INTELLL O
o/ /SLOT?

AUX a7 INTELU. O
o 2 / ADDR?

AUX 47 INTELLL 110
o 2/010/ BYTES?

AUX 47 INTELLI. IO
o/ 2/010/4  0DOISSOT

—
Date for specified addreas

To changs data, typs naw data, then snter (must use ieading zeros)}

COMMENTS

Clear the MIU Display

Saloct Aux 47

Base 0

Slot2

Address 10 for Presst
(must use octal adkireas)

4 Bylas
Read data
Cument Presst is 35507

Wiite data
AUX 47 INTELLL. 110 ;
Lel[efl2j 2]l ﬂll o 2/010/4  0OT1234568 New Prasot is 123456
Ca]E]) =] [=v7]
1002561
Figure 3-1 Example Read and Write Shared RAM (AUX 47 on MIU)
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3.3

1/Q Status Indications on the MiU

SIMATIC TI405 Usar Manucl

The MIU has an I/0 status indicator in the upper right corner of its display,
which appears when the CPU is in gither the RUN mode or RUN-TEST
mode. Whenever an instruction is displayed that contains an X, ¥, €, 3,
T, ©f, 3P or gX reference, an 2 appears as an indicator if the point is

turned off. See Figure 3-2.

If the referenced point is turned on, a solid black rectangle appears. See
Figure 3-2, The I/O status indicator only shows the state of the displayed
point, and does not reflect the cumulative power flow through a network of

contacts.

If a timer or counter ingtruction is displayed, an 8 appears until the preset
iz reached, then the black rectangle takes its place until the timer or

counter iz reset.

%0023 is tumed off

mON
[J RUN \ D OFF
s

3 TEST § 3286
L PGM STR X 0023
T 1Tl i1 1754321076543 210
X023 is turnad on
@ @ \ B
HON
J RUN : O OFF
3 TEST $ 326 N
[ PGM STR X 0023
N

[T 111 7654321076543210

Figure 3-2 Power Flow Indications on the MIU
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3.4 Using the MIU to Troubleshoot Your System

Displaying Evor
Messages

Error Analysis

Monitoring
V-Mamaory with the
Miv

The S-10P Machine Interface Unit (MIU) allows aceess to many of the TI405
diagnostic and error reporting features. If a system problem 1s suspected,
the MITJ should be connected to the CPU so that any error messages
generated by the TI405 are displayed on the MIU. These error messages
often pinpoint the source of the problem and save a considerable amount of
time compared with traditional PLC troubleshooting techniques.

H an error message is displayed, refer to Appendix C for a complete list of
TI405 error messages, along with typical causes and actions to clear the
error condition. Some errors also cause Special Relays to turm on, and error
codes to be loaded into specific V-memory locations. These relay numbers
and memory locations are noted, along with the error deseription, in cases
where they are used.

The MIU can be used to monitor and to modify V-memory locations while
the program is running. To monitor location V77587, press (¥ JTF 107 ]
=1z bewl. The display shown in Figure 3-3 appears on the MIU, Use
and 0w ] to step through adjacent V-memory locations.

] %
I @) 3
mON
] RUN O OFF
) TEST V 7780 V 7757
[ peM vV MON 0000 0041
TTTIIIll7654821076543210

Figure 3-3 Monloring a V-memeory Address in Run Mode

In this case a value of 0041 iz in location V7757. This shows that a minor
error E0041 has occurred, which indieates a CPU battery low condition.
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Monltoring Timer Timer current values can be monitored by displaying the V-memory
Current Volues with locations with the same numbers as the timers. The carrent value of timer
the MIU 12 is stored at location V12. Counter current values are stored at the
V-memory locations that are 1000 greater than the counter number. For
example, the current value of counter 7 is stored at V1007,
Changing The value in the V-memaory location on the right side of the display can be
V-memory Volues modified from the word status display. This can be useful while
with the MIU troubleshooting by allowing you to load kniown values into specific memory
locations. To enter a value of 342 into location V4000, press [y J{ 4 ][ o |
1 ) weet} and see the display shown in the top illustration in
Figure 3-4.
ﬁ';;— %7@ T _“.;"‘;\
HON
7 RUN Bl QFF
O TesT V 4001 V 4000
L) PGM v MON voO0O 0000
il 1111117654321 076543210
. e
r @) =)
T T T
[0 RUN O QFF
[J TEST V 4001 V 4000
01 paM K342
1111111 17665643210765432140
Figure 3-4 Storing a Conslemt in V-memory
PressEsomil "y [+ ][z 1, and the display appears as shown in the
bottom illustration of Figure 3-4. Once (@41 | is pressed, 0342 appears under
V4000 on the display.
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Using the MIU to Troubleshoot Your System (continued)

Monitoring Discrele
I/O Paoints with the
MIU

It i= also possible to monitor sixteen discrete I/'O points at once with the
MIU. X inputs, Y outputs, GX remota I/0, control relays, timer and counter
contacts, stages and special relays can each be monitored in groups of
sixteen. A black rectangle appears to indicate that a specific point is turned
on. Input and output status can be monitored on the MIU and compared
against the actual I/O module states to help find failed IO points or

ProOEramming errors.

To monitor Y0 through Y17, press kmum o | 6T #]. Figure 3-5 shows how
the digplay would appear if Y1, Y7, and Y13 were all on.

7 @ S

W OoN
D OFF

[ RUN
[ TEST Y 10 Y 0
1
LIPGM | 18P MON E = |
I TTTTITTI7e54321076543210

Figure 3-5 Monitoring Ouiput Points

Forcing Points—--Points may be forced on or off from this display in RUN
mode, TEST-RUN mode, or PGM mode. Te force Y1 on, press I
(sarr] Con . To foree C27 off, press [Beaf) T2 3 (71 [urv ] [ofr ). See Section
3.8 for more information on foreing 1/0 points.
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Using Test Made

TEST mode allows you to either run a given number of scang of your
program and stop, or go into TEST-RUN mode and run continuouely until
yvou request TEST-PGM mode. To enter TEST mode, perform AUX Function
12 by pressing (1 )7 _]{a ). The meszage in Figure 3-6 iz displayed.

R
——
ORuN

(TEST
dram

AUX 1* OPERATING MODE

AUX 12 60 TO TEST MODE
T 1T 5t 1 1T 11785 & 33 1 07 &5 43210

Im ==

Figure 3-6 Test Mode MIU Display

Press[gnr 1, and #E8T MODE? appears on the display. Press (8o ] again, and
gither MODE = TEST-PGM or MODE = TBST-RUN is displayed, depending on
whether the CPU was in PGM mode or RUN mode when TEST mode was
selected. While TEST mode is selected, the CPU ie always be in either
TEST-PGM or TEST-RUN mode, depending on whether or not the program is
currently execating.

Specilying the Number of Scans—You have two options while in the
TEST-PGM maode. You may specify the number of times that you want your
program to scan and then stop by beginning with a cleared display and
pressing[ 1 J[owrr | GeaT] Cer 1. The message NO, OFf SCANS? is displayed.
Enter a number from 1 through 65535 and press (=r]. The mode changes to
TEST-RUN until the scanning is complete. Your other option is to press
3 Jiener}(mEar] Cevr ] and go into the TEST-RUN mode.

The only test function that you can request in TEST-RUN mode is to stop
scanning, This is done from a cleared display by pressing (3] (anr3 (1EaD)
{& 1. This will return the CPU to TEST-PGM mode.
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Using the MIU to Troubleshoot Your Syétem (continued)

Using Test-Run While in TEST-RUN mode, a different display is available when viewing

Mode program instructions than when the CPU is in RUN meode. Section 3.3
dezeribes the power flow indication which is available in the RUN made.
Figure 3-7 shows the TEST-RUN mode digpiay for an instruction using a
discrete point for an operand.

Instruction Address
in Memory Indicates X023 Is Off
" | mon
(1 RUN D OFF
O TEST § 326 5
e STHR X Qo223
FTrTiTTlre54321076543210

L=

e e
T

Figure 3-7 Test-Run Mode Instruction Dispkiy

If a timer or counter instraction, or contact is displayed in the TEST-RUN
mode, itz eurrent value is shown continually updating, along with the
contact status. Figure 3-8 shows how this display would appear.

This digplay also shows the power flow status coming into and going out of
the instruction operand.
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Instruction Ad- Timer 3 Timer 3 Indicates
dress In Memaory  Current Value  Preget Contact T3 Is
jue \ On
("('- X — = - -."“\
( N \ \ )
U\ (A
O AUN
CITest | $ 53 llT.—,oosa \ [ ]
D PEM | yymp /T 003 KDDSO
[TTFITIT7654321076543210
@ ==
Powar Power
Flow Flow
BG‘I{)I’B Aftar
Contact Contact

SIMATIC TI405 Usar Manual

Figure 3-8 Monlorng a Timer
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Using the MIU 1o Troubleshoot Your System (continued)

Holding Oulput In addition to the enhanced MIU displays, the TEST-RUN mode offers
Siclas anather aid for troubleshooting. Bach Y output. can be individually set to
either hold its last state or be forced off when the CPU iransitions from
TEST-RUN to TEST-PGM. AUX Function 58 is used to select the action for
each output. To configure the outputs, from a cleared display press
[E 11 ax]. The message in Figure 3-9 is displayed.

AUX 5* CPU CF&G

AUX 5§58 TEST OFPERATIONS
F T 11 111 78635433107 ¢&6& 4«3 2140

i == = = ==

Figure 3-9 AUX 58 Menu Display

Press and Y000) is dieplayed along with its current configuration. If
Y0 is set to be forced off when in TEST-PGM mode, the MIU display shows
the massage in Figure 3-10.

£
g::; AUX 58 TEST OPERATIONS
Yooouo OFF
DPGM a7 ss 432107 6% 43200
amme el
Figure 3-10 YDO0O0 Configuration Display
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e  To configure YO so that it holds its last state in TEST-PGM mode, press
(anry] Con ]

«  To configure YO0 back to being forced off, press [suer]) Corr ). Use [ErEv]
and [Exz } to step from Y0 to Y477 in sequence, or you can directly select
an output to configure.

» Toselect Y42, press(gan Jfgumil o 102 Jlmxv i
*  Toleave AUX 58, press =7 §

Holding outputs on while stopping the program scan is an advantage in
troublesheoting machine control applications, since it is often desirable to
keep some outputs active when the machine is stopped. Outputs connected
to cooling pumps, material heaters, mixers, oil pumps, or clamps holding
material in work are some of the possibilities that might need to be left in
their last state when the PLC controlling the machine 13 stopped for
troubleshooting purposes.

/N CAUTION Only qualified personnel, aware of industry standard safety
practices, should use these technigues in order to minimize yisk of
personal injury or damage,

Displaying the Two other AUX Functions display useful troubleshooting information on the

Current Scan Time MITI. AUFX 53 displays the current, maximum, and minimum PLC scan time
in milliseconds. This is helpful when searching for pregram timing problems
or watchdog timeouts.

Displaying the AUX 61 displays the MIU and CPU firmware revision numbers, which are

Armware Level neaded if a call for technical assistance is made.
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a5 Self-test Functions for the MiU

Starting the MIU
Tosts

Testing the
Keyboord

Testing the Display

Tosting the
Backiight

Several tests can be run from the MIU, both to check MIU operation and to
test items in the CPE and I/0 system. To test all of the MIU operations,
select AUX Function 65 by starting with a cleared display and pressing
s 1= Can ] T ). The message in Figure 8-11 is displayed.

[ @_

ORUN
OTEST
OrPaMm

AUX &5 PRUN SELF DIAG

(1) KEYBOARD CHECK
P e 4321076543210

Figure 3-11 Keybodrd Check Self-tast

Press (gt ] and the message PRESS KEY TO TEST-—> is displayed.
Pressing any key except (&1 ] displays a code associated with that key. For
example, pressing (¥ ] displays the code 10H. Continuing across the top
row, each key displays a code that is one greater than the key to its left.
Moving down a row increases the displayed code by 10. When you have
tested as many keys as you wish, press C&r ] to end the test.

The next display shows the message (2) DISPLAY CHECK?. Press[ e ] and
the message ASCII CODE —-—»30Hu«0 should appear. Press (887 | again to
advance to the next test.

The message (3) LED/BACKLIGHT CHECK? appears. Press[m0 ] and the
yellow display backlight flashes on and off along with the three LED
indicators to its left. After five or six cycles, this test ends and advances to
the next message.
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Tasting the
Casselte Port

Testing the Memory
Carlfridge

Exiiing the MIU

The display (4} TAPE PORT CHRCK? appears, and if you press (=@ ], the
direction INSTALL LOOP-BACK is displayed. A loop-back connector must be
installed on the MIU peripheral port, located on the bottom edge of the
MITJ, before you proceed. This loop-back connects pin 2 to pin 3 of the port.
Once the loop-back is installed, press (et ] fo start the test. The letters A
through X are displayed, and when this test ends, the next test choice is
offered.

When (5) MC OPERATIONS CHECK? appears, press[Ba ] and choose
between testing a RAM or UVPROM memory cartridge with the display MC
TYPE (RAM/OUVFROM). A flashing corsor appears on RAM, and yon may use
==1] or == to move the cursor to the type memory cartridge that is
currently installed in the MIU. Refer to Chapter 5 if you need directions for
removing or ingerting a memory cartridge. Press (341] and a BUSY message
is displayed for about one minute while the test is performed. When this
test completes, you are back to the beginning of the test cycle.

To exit the MITJ diagnostics, press and (&) anytime a numbered test
message, such as (1) XEYRBOARD CHECK?, is displayed. If any of the tests
fail, you will need to replace the MIU.

SIMATIC TI405 User Manwual Troubleshooting ond Malntenance  3-18

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com



3.6 Validating a Program

Checking the You may also nse the MITJ to check the program stored in the CPU. Press
Syntax of a 3 1[ax ] and (B to select AUUX Funetion 21, CHECK PROGRAM.
Program The message 1:3¥N 2:DUP REF is displayed. To check the syntax of your
program, presa 11L&t ). If ne errors are found, the message NO SYNTAX
ERROR is displayed. If you see this message, press (&7 ] to continue, If an
error was found, the instruction in queation is displayed along with an error
code. Refer to Appendix C for deseriptions of the error codes, Continue to
run syntax checks and correct the program until the N0 SYNTAX ERROR
message appears.
Checking for Ancther program check may be run from the 1:8YN 2:DUP REP display.
Puplicate Press[z ] and (@] to check for multiple nse of the same output coil. If a
References duplication is found, the second cccurrence is displayed along with an error
message. If no duplication is found, the message NO DUP REYS is displayed.
Press (Enr] to continue. To exit AUX Fanction 21, press [mam] and (&1
3-16 Troublashooting and Maintenance SIMATIC TI405 User Manual

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com



3.7 Testing the 1/0O System with the MIU

The MIT may be used to test the /O system by nsing AUX Function 42. You
are prompted to run AUX 42 whenever an I/O error is detected by the TI405
internal run-time diagnostics, but you may nse AUX 42 at any time by
pressing (1= _1[ax]. The message in Figure 3-12 appears.

U:E:T AUX anr /0 CFG
0 AUX 42 /0 DIAGNOSTICS
fipGM T T Y B S B B S S R T S W S

kd

Figure 3-12 AUX 42 Menu Display

TInless you were prompted to run AUX 42 because of a detected error, when
you press [ 1, you see the message I/70 CHECK OFK. Otherwise, you ses an
error message deseribing the problem, and specifying in what base and slot
the module in question is located. A typical error message is shown in
Figure 3-13.

@ —
B

AUX a2 /0 BASE 0/5LOT3

E201 TERMINAL BLOCK OFF
T 1 1 1 11+ 7 &4&4 8316785 37210

I% —
I e

Figure 3-13 Exampie of an Emor Message Display

Thig example shows that the /O module in slot 3 of the CPU base has a
loose or missing wiring terminal black, If you need further explanation of
the displayed error code, refer to Appendix C. To exit AUX 42, press

Gner) (gt 3.
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38 Forcing 1/0 Points

A\ CAUTION

I/0 points can be forced on or off with the MIU when the CPU is in the RUN
or TEST-RUN mode. This is especially useful during startup of 8 new
system, or when repairs have been made and you want {o test the operation

of certain 1/0 points,

Only qualified personnel, aware of industry standard safety
practices, should use these techniques in order to minimize yighk of
personal injury or damage.

If there is a program in your TI405 CPU, and the 1/0 point being forced is
used in the program, the point IS controlled by the program and may not
stay in the state to which it was forced. Control relays, stages, counters, and
timers can be forced as well as physical inputs and outputs, bt they are
also subject to having their forced state overridden by the program.

1/0 points can be foreed from a blank display on the MIU, er from the word
or bit status displays. The following key sequences demonstrate how to force

IY0 points.
Key Saquence Display
U] o JlanEr]l on | X0

loeeml] & 11 3 JISHETIL on ] C42
bounll 2 1[ & [lswrr|l{orr| Y25

Setting the CPU to PGM or TEST-PGM mode returns all points to an O4F
state.
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39 Detecting Failed 1/0 Modules

/O Error LED The TT405 offers several ways to detect failed 1/0 modules, The CPU haz an
/0 indicator LED that illuminates whenever a defined }/O problem is
detected, as shown in Figure 3-14. This may be caused by certain failures of
an individual module, a module being removed from a base, or a module
being replaced with one of a different type.

] \

PWRO O BATT VO Ermor
" i
RUNC @ O & Indicator LEC

CPUO O COM

Figure 3-14 CPU Indicglion of Failed |/O Modules

Terminal Block LED Each module has at least one LED labeled TB to indicate that its terminal

and Fuse LED block is loose or disconnected. Modules with internal fuses have an LED
labeled FU to indicate a blown fuse. See Figure 3-15. Modules that use
external 24 VDC power supplies have another LED labeled 24 V that
illuminates whenever the voltage drops below tolerance.

4 )
OUTPUT RELAY
T.B FU
Loose Terminal T e
Block Indicator 00 40
10 50 .. Blown Fuse
20 g0 Indicator
30 70
V01T

Figure 3-15 Loose Terminal Block and Blown Fuse Indicators
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Detecting Failled 1/0 Modules (continued)

1/O Eror Messages Internal diagnostics in the TI405 also keep a constant watch for defined /0O
on the MIU errors. For example, if 8 terminal block was not serewed down on the

3-20

module in slot 3 on the first base and had vibrated loose, the MIU would
display the message shown in Figure 3-16.

— EN 3
OFF
[IRUN
OTEST
E2 ** DIAG ERROR AUX 4 2
DPGM 7T E s 43 210 7 &5 403 210
_—— m—

Figure 3-16 Dilagnostic Ermor Message Display

This informs the operator that an error has occurred and that AUX 42
should be run to pinpeint that problem. Running the AUX 42 1/0
diagmosgtics would display the message shown in Figure 3-17. Attention ig

focused directly on the probiem. Similar messages are displayed for other
I/O errors.

%
B

AUXx a2 1 /0 BASBE 0/8LOT3
E201 TERMINAL BLOCK OFF

e v 3 b 76 % 4 3207 6% 43210

Figure 3-17 AUX 42 Message Display
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Trapping 1/O Errors
in @ Program

The program in the CPU can also monitor defined I/0 errors. Special relay
8P45 turns on when such IO errors are detected. Special relay SP40 turns
on to indicate a critical error. These contacts can be used in your program to
trigger certain actions to help shut down a machine or signal an aperator.

The program could also search for more detailed information before taking
action by examining location V7756. This V-memory location is set aside to
hold eritical error codes, and, in this case, would hold the value 201. This
indicates that an error 201 has been detected, meaning that an I/0 module
iz misging a terminal strip.

Far example, if memory location V7760 contains the value 0003, indicating
that the problem is in base 00, slot 03. V7762 holds the value 201, verifying
that error 201, missing terminal strip, is causing all the problems With ajl
this information, the TI405 program can react intelligently to most IO
problems that are detected. Refer to Appendix C for a complete list of TI405
error codes, their meanings and how they are displayed.
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3.10 Preventive Maintenance

CPU Baltery The CPU uses a battery to maintain the contents of V-Memory, program
Replocement memory, and system parameters when power is turned off. Replace thig
battery at least once every five years,

NOTE: Be sure to save your system parameters and V-Memory to a Memory
Cartridge or cassette tape before removing the battery.

1. Toremove the battery, grasp the battery between your thumb and
forefinger and pull it loose from the retaining clip.

2. Grasp the leads from the battery cloge to the battery connector with
one hand.

3. Graszp the battery connector with the other hand, and gently pull to
disconnect the battery.

To install a new battery, connect the battery connector and insert the new
battery under the retaining chp. See Figure 3-18.

Battery Retaining Clip

CPU Battary

§ &5 2

-
=
L]

\

Battary Connector (White)

Figwe 3-13  CPU Batlery Replacement
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Memory Carlridge The CMOS RAM Memory Cartridge contains a battery that maintains the
Bottery contents of the Memory Cartridge RAM when power is turned off. You need
Replacement to replace this battery at least once every three years.

NOTE: The contents of the memory cartridge should be saved to another

cartridge or cagsette tape before removing the battery. The current contents

of the cartridge are lost when the battery is removed.

1. Toreplace the battery, remove the cover retaining screw from the
hottom of the cartridge as shown in Figure 3-19.

2. Remove the top cover.

8. Using a small flat-blade screwdriver, gently pry the battery up until
there is enough clearance to grasp the battery.

4. Grasp the battery between your thumb and forefinger and pull up.

5. To insert the new battery, alipn the battery leads with holes in the
circuit board. The battery leads and cireuit board holes are keyed such
that the battery can only he inserted one way to ensure the proper
polarity.

6. Press firmly on the top of the battery.

Battery
Retaining
Screw
Figure 3-19 Memory Carlridge Baitery Replacement
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4.1 Identifying the MIU Keys

The PPX:5-10P The PPX:5-10P Machine Interface Unit (MIU), shown in Figure 4-1, is a
Machine Interface simplified type of hand-held programming device. It provides you with the
Unit ability to enter and edit programs, save and restore programs on data tapes

or memory cartridges, control system operation, and monitor system status.
The MIU keys are divided into four groups as illustrated in Figure 4-2.
Within these groups there are first and second level keys.

*  First level keys are functions activated when the key is depressed
without preceding it with the shift key.

*  Second level keys are the functions activated when the key is preceded
by the shift key,

N
rf={a= _{\\
s &
HON
t ] RUN LJOFF
0 TesT
O PGM
— E— —|
= — |
| obr | G | S| abo |eom| S | © | wost | srer| KRB
[ ] 11 JiL 111 Ji1 I[L L)L J|{1 i ][ i
F [ H TEET ON OFF
AND MLS TMRA T & ] FIND
IR § § IO § 3 1 ] [ 1 I I ]
K L M Eg-n Fg!) . DEL
[ 1} } [ [ 1§ |1 ]
P o R B{H) cH) D{H) INS
ouT BET SH 1 z 3
[ T ] |1 ] [ 1| [ I (I ]
u w A} ENT
LD rr END CLA | sHFT | «—F
[ 11 111 | [ L 11 111 ]
\_s-10P )
figure 4-1 The PPX:5-10P Machine Interface Unit
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Instruction Keys Symbol ldentification Keys
A B [+ o] E ==
a1 NOT 158G 5@ ADD K{GON) ﬁ
1= | 0 | [ ]
F 2] H ! £ PNTR
ANL MLS TMR JMP sUR v 5(8aG
| || |
K L M N o [2/tlaln)]
DF MLA GNT BiN MUL SPCL ThMA
I 113
F Q R s |[ 7 ASG
oUT 5ET ER BGL = C(CR CNT
O C | =2 | ]
8] v w X ¥ ax
LG R&T END GMP F4 KN} Y{OUT)
C (i cd L] L]
Enters an instruction. When shifted, Sets up the operand of the
enters the alphabet from A to Y. instruction. (BLUE key)
Numeric Keys Operation Keys
TEET oN oFF . EXIT
T 8 ¥ -y— wo 3T aITsT AL
e (U o o |
EtH) FiH)
4 3 6 FIND
C I
B{H) GH) D{H) DEL
1 F4 ) FREV
[ O B ]
AH) INS
0 NXT
- [ ]
ENT
CLR SHFT —_—
C 1
Sets up constants (BCD, Octal, | These keys are used to execute
Hex) and the number of the operation.
function memory.

Figure 4-2 MIU Key Groups
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Identitying the MIU Keys (confinued)

First Level Key

Functions Figure 4-53. The
[ represent the blue colored symbol identification keys on the MIU.

4-4

The location of the first-level MIU programmer keys are depicted in

basic function of each key is listed in Table 4-1. Shaded keys

| " Pr—

("(.'-f:

Z,

\2)

BERD. .
E_EIIA'I]GIHIIE

0 RUN
] TEST
[ pam

(a] |

£ WDST | BTET

E
I

I
Al

7 8 9 FiND

rma1
I_EET_l

—
&
: LD

RST

SR

END GMP Zz BHFT

]

L i
\\_s-10p

Figure 4-3  First Lovel MIU Keys (Unshiflec)

Table 4-1 First Level MIU Key Definltions

Function |

Moves the cursor one character to the left

Use to enter a numerical value

Use to apecify an address location the user wants to accesa

Initiatesa an ADD instruction

Initiates an AND instruction

Belecta Auxiliary function

Indicates Binery Coded Decimal instruction

Indicatea hinary instruction

* Shaded keys[] represent the bhue colored symbo] identification keys on the MITL

Programiming the SIMATIC 71405
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Table 4-1

First-level MiU Key Definitions (confinued)

T Initiates Bit Status mom't.ng

Function

[T ar]

e Selects C (control relay) identifier

=T Clears previous entry or blanks diaplay
(=T Initiates Compare instruction

Ca Initiates Counter inetruction

=) Procedes a counter identification nwmnber

Initiates Divide inatruction

Initiates nuneonditional End instruetion

Enters displayed data

Initiates gearch funetion

Initiatea Initial Btage instruction

Initiates Jump to Stage instruction

Precedes number when specifying a conatant value

Initiates Load Accumulator instruction

Initiates Master Line Read instruction

Initiates Master Line Set inatruction

Initiates Multiply instruetion

Initiates NOT operator

Dieplays naxt data element

Initiates OR instruction

Initiates OUT instruction

Dieplays pravious data element

Initiates Resat inatruetion

Precedes & Stage Identification number

Initiates Set instruetion

Initiates any stage except the fnitial stage

Belects the upper level programmer keys

*

Selects Bpecial Relay identifier

Initiates Shift Ragister instruction

Initiates STR (store) instruction

B ) B )

Initiates Subtract instruection

* Shaded keye[[__] represent the bhie colored symbol identification keys on the MIT!.
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Identifying the MIU Keys (continued)

Table 4-1 First-lavel MIU Kay Deliniions (continued)

Keay Function
Cmrl Initiates Timer instruction
O]~ Precades a Timer identification number
= i Precedes number when apacifying 8 V-inemory value
fwp Tl Initiates Word Status monitoring
xmal* Selecta Input (contact) identifier
ol * Salects Output (coil) identifier
2 Alpha character requirad to enter complex functions

* Shaded keys[—__] represent the blue calored gymbol identification keys on the MIT,

Second Level Key The location of the second-level MIU programmer keys are depicted in
Funciions Figure 4-4, The basic function of each key is listed in Table 4-2.

B © —

e | Fon DEL

J

gé[é

(\ S-10P ) J)

Figure 4-4 Second Level MIU Keys
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Talle 4-2 Sacond-level MIU Key Definitions

Koy Funetion
=1 Moves cursor ons character to the right
a1 -~ |Alpha characters required to enter eomplex funetiona
Cami] -CrEan] | Used to enter hexadecimal values
A Selects ASCII data type
e} Used prior to[ Eny ] to delate a program slement
T Pracedes number when specifying Scratch Pad Data
Cexirt Exita the auxiliary function menu
a1 Selects GX (Remota I/0) Identifier
Cmal Used prior to[Exy } to delete & program element
* Selecta octa] data type
(o] Forces selected point Off
Conl Forcea selected point On
* Indicates a Pointer location for indirect addressing
Creatl Selects sean control in Teat Mode

* Shaded keys[____. | represent the blue colored symhol identificatinn keys on the MIU.

SIMATIC TI405 User Manuc

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com

Prograrmming the SIMATIC 11405

4-7



4.2 Entering Programs

Key Sequence
Termination

Displaying the
Program Contenls

Comecling Enors

Inserting
instructions

Delefing
Instructions

Locating o Specific
instruction

4-8 Programming the SIMATIC T405

‘When you enter an instruction, it 15 held in a buffer until you press [enr .
The MIU automatically increments to the next address location when you
press [anr 1. In the examples in this chapter, the message in the display
column is shown before (eai] is pressed.

Press (eun 1 Gaen) (3 ) Goa 1 or [t ) eamd (o] or o1& ] or (&7 ] to
display and step through the contents of your program starting at address
zero. If you want to display the contents of a particular program address,
enter the program address ingtead of zero like Can 1 mam) 2 1 1 137

[ ]Gt .

To lock at the next program address, press [mxx]). To look at the previous
program address, press [FRev].

If you make a mustake by pressing the wrong key, you can correct the error
by pressing (GR], to clear that entry.

Press [raev] or (g ] until you reach the instreetion in front of which you
want to ingert another instruction, Enter the key sequence for the
instruction, except, Instead of wsing [Ent ), press[sirr | [ |, Then press
[Er ] to verify the ingert.

Press or (&) until you reach the instruction that you want to delete.
Then press [=rr ) [ogL 1. Press [ent] to verify the delete prompt.

Use to locate a specific ingtruction. For example, to locate the store
instruction that stores X100, presslsm J[xmall 1 1[ ¢ 1[ ¢ 1Tmwn].

SIMATIC TI405 User Manual
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Searching and
Replacing
Instructions (TI438
Only)

Formatling
Numbers

Error Codes

Range Corection

in addition to the general search function provided by [asp 1, the MITJ also
provides a global search and replace function. This function is provided by
AUX menu 22, For example, to change all occurrences of Y0 to Y4, enter the

following key sequence.

Koy Sequence Display
Cown Jlan il 2 )2 Faux] AUX 2* RLL OPERATIONS
AUX 22 CHANGE REFERENCE

T oLp
17607 | e | = | To
[C71 e | Y0000 -==3 Y0OO4T

[entl REFERENCE CHANGE OK
OLD

(aiiFy] Ceay)

The MIUJ accepis all numeric entries without leading zeros. When displayed,
all IO designators and numeric values are shown with leading zeros. -
Address fields are displayed without leading zeros. The following key
sequences 1llustrate how to enter values in different numeric formats.

To enter the octal value 037,
CvJl 2 M o J0 e [ ¢ IwWoe¥ e itoct I 3 ) 7 [ ewv !

To enter the ASCII value PT.

To enter the hexadecimal value A7.

The MIU shows all error codes from the PLC as a decimal value with the
format EXXX (where XXX represents 8 numerie digits). See Chapter 8 for
an explanation of the messages displayed by the MIU.

The MIU checks the range of all entries against the ranges supported by the
PL.C. If you enter a number that is out of range, the programmer returns an

error.
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4.3

Auxiliary Menu Functions

4-10

Figure 4-5 shows the auxiliary function menus for the TI405. The auxiliary
functions provide operations that do not have a specific MIU key for that
operation.

To perform an AUX funetion, press [anx ] followed by the numeric digits for
the function. For example, to rename your program, press:
Laie J0 s J0 1 Jlenrtorl_s J0 3 Jlaux]

If you do not know the number of the AUX function that you wish to
execute, press and use and [T ] to step through the auxiliary
function headings. Pressing CEi ] accesses the functions under the displayed
heading.

Presgsing and [WgY 1 scrolls through the functions for that heading
shown in the shaded boxes. Once the desired AUX function has been faund,
press (g ] to execute that function. To exit the AUX menus, press

(el
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Figure 4-5 AUX Function Menu Hierarchy
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4.4 Using Memory Carlridges

Inserting & Memory To insert a memory cartridge in the MIU, first remove the MIU from the
Cartridge CPU or disconnect the CPU cable from the MIU. Then, open the cover of the
left side of the MITUT and insert the memory cartridge (as shown in
Figure 4-6). Be sure that the memory cartridge is alipned in the same way
as Figure 4-6, and that you firmly seat the cartridge.

B0 H DB

Figure 4-6 Insarling a Memory Canridge in the MIU
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ACAUTION Do not insert a Memory Cartridge in the CPU while the power is
applied to the CPU. Your program or password may be corrupted if
this is done.

To insert the memory cartridge in the TI435, remove the laft panel cover.
Insert the memaory cartridge into the cartridge slot, as shown in Figure 4-7.
Be sure that the memory cartridge is aligned in the same way as Figure 4-7,
and that you firmly seat the cartridge.

e,
st

eI
©

S EMLNY

Figure 4-7 Inserting a Memory Cartridge in the CPU
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Using Memory Cadriridges (confinued)

Removing a To remove the memory cartridge from the MIU, open the cover an the left
Memaory Carlridge side of the MIU and gently pull up on the memory cartridge lever. See
Figure 4-8, As you pull the lever, the cartridge disconnects from the MITJ

and becomes loose. You can then pull the memory cariridge out of the MIU
as shown m Figure 4-9.

Figure 4-8 Disconnecting the Memory Carhicdge from the MIU

Figure 4-9 Removing the Memory Cartridge from the MIU
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A CAUTION Do not remove a Memory Cartridge from the CPU while the power
is applied to the CPU., Your program or password may be corrupted
if this is done.

To remove the memory cartridge from the TI435, remove the left panel
cover. Then, gently pull out on the cartridge lever until it is disconnected
from the CPU, See Figure 4-10, As you pull the lever, the cartridge
disconnects from the CPU and becomes loose. You can then pull the memory
cartridge out of the CPU as shown in Figure 4-11.

Figure 4-11 Removing the Memory Carhidge from the CPU
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Using Memory Cartridges (confinued)

Wiite-protecting a
Memory Carlidge

The CMOS RAM and EEPROM memory cartridges, PPX:G—03M and
PPX:G-23M, include a write-protect jumper terminal as shown in
Figure 4-12. To write-protect either type of memory cartridge, move the
jumper over to pins 2 and 3. To allow programs to be written to the
cartridge, move the jumper to pins 1 and 2.

Write-protect

e,

Agk’f’ i .
I”// Pull up thiz hook 10
LA remave the carridge

Writing is dizabled when tha write-protect jumper s
inserted over pins 2 and 3 in the above figure.

Fgure 4-12 Wrlte-protect Terminal on the Memory Cartridge
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4.5 Naming Your Programs

To help you identify your programs, the TI405 CPUs provide a program
naming funection for programs stored on a Memory Cartridge or cassette
tape. This feature is particularly useful with casseits tapes where you can
store multiple programs sequentially on a single tape. You are prompted to
enter a program name when storing or retrieving a program from cassette

tape.

The propram name may contain any combination of the alphabetic letters or
the digits 0-9. Press before pressing the A-Z keys. You can also store a
program name in CPU memory. This name is enly a reference to make
program identification easier, and does not need to be the same as the
program name used when storing to tape. For example, to give a program in
the CPU the name MACHINE1, enter the following key sequence.

Key Sequence I Display '
Cii ] AUX 5* CPU CFG

AUX 51 MODIFY PGM NAME
=x) AUX 51 MODIFY PGM NAME
el Cw 10 a )¢ J1CW JCT7 |PROGRAM MACHINE 1
[N ] e Jnm]l o Jiow!
TR
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4.6 Using Passwords

The TI436 allows you to set an eight-digit password that can be used to
prevent certain operations from being performed. The password must be
eight digits and will only accept the 0-9 numeric keys, For example, to set
the password to 12345678, press the following key sequence.

Key Sequence Thsplay
T 116G AUX 8* PASSWORD OPS
AUX 81 MODIFY PASSWORD
Liﬁj CODE IS 00000000
e d0s ) CODE IS 12345678
a0 s 1 Menm

To modify the password to some other value, such as 00004321, press the
following key sequence.

Key Bequence Display
Ca GGl AUX 8* PASSWORD OPS
AUX 81 MODIFY PABSWORD
(5] CODE IS 12845678
e 1o dJ0Ce 1% a1 CODE IS 00004321
(102107 Ganl
Lenr ]

If you decide to stop uging the password, it can be cleared by entering a
password of eight zeros or 00000000.

Once a password iz set, the CPU can be locked using Auxiliary Function 83.
Locking the CPU prevents anyone who does not enter the correct password
from modifying, copying, or viewing your program.
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Since the password is stored in the memory cartridge, if the cartridge i
removed and transferred to another CPIT or MIU, the password protection
remains in effect. Before locking the CPU, be sure thai you remember your
password, because once the CPU is locked, you are not able to view your
password or program, or erase the memory cartridge and start over. To lack
the CPU, enter the following key sequence.

NOTE: Once a password is entered, the CPU is always locked when it is
powered up. Accessing most TIL05 functions after a power eyele will require
unlocking the CPU with the password.

Eey Sequence Display
o —— . -
s 1] AUX g* PASSWORD OPS
AUX 88 LOCE CPU
(el CPU LOCEKED — LOCK?
CEnrl CPU LOCKED
Cent )

If no password is sat when yon attempt to lock the CPU, the mesaage
HO PASSWORD is displayed. To unlock the CPU, enter the following key

sequence.

Koy SBeqguanco

AUX 8* PASSWORD OPS

Ce 102 Jiaux ]

AUX 82 UNLOCK CPU
= CPU LOCKED - PASSWORD:
I 1 JCe 1L 2 } CPU UNLOCKED
o= ) @D
(mal

If you enter the wrong password, error message E541 WRONG PWORD is
displayed. Press [cig ] and enter the correct password.
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4.7 Storing and Refrieving Programs

Retrieving a To transfer the program in the CPU to a Memory Cartridge in the MIU,
Program from enter the following key sequences.
the CPU

Koy Bagquence Display

AUX 71 CPU TO MC

(o]

1: PG 2: V 3:8Y=

I =i

1 500000
The nser may enter a selected nddress instead of

EZ8rog.

I=Till

END $07679 ($035683 if using Tl425 CPU)

(e

£00000 — $07679% ($03583 if using TI425

CPL)
Are you sura?

| ENT |

IFMC is blank, OMOSRAM Dg3*+
** rapressnts the BK of memory. The display will
count from 00 through 07 twice.

oK
The program successfully transferred from MIU

to CPU.

Cenr]

If MC contains data,
AUX 71 CPU TO MC

MC I8 NOT BLANK

You can either press (B ] to continue or [34r1] [BGY ] to cancel the transfer and exit.

NOTE: If no MC (memory cartridge) 1z present in the MIU, the MC in the
CPU may be physically transferred to the MIU instead of using this

procedure.

You can algo store the system parameters, which are items such as a
non-standard I/O confignration, on the same MC by repeating the proecedure
selecting option 3 :8Y8 at the first prompt. If you want to store V-Memory,
you will nesd another MC, then follow the steps above selecting aption 2:v

at the first prompt.
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Storing a Program To transfer a program in the Memory Cartridge in the MITJ to the CPU,

in the CPU enter the following key sequences.
I Eey Sequeance Display
piplalien e
(e (a7 102 ] CeaT 1 fAUX 72 MC to CPU
(| “l1: PG 2: V 3:8Y8
(] (e 1 $00600
=Tl END $07679 ($3583 if using TI425 CPL)
$00000 — £076797 ($3583 if using TI425 CPU}
Are you ready?
=TTl CMOSRAM OBK **
** rapresents the 8K of memory.
The display will count from 00 through 07 twice.
[2):4
The program succesafully tranaferred from MIU
to CPU.
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Storing and Rehieving Programs (confinued)

Storng a Progrdim
on Cassetfe Taps

4-22  Prograrnming the SIMATIC TI405

This procedure hists the steps necessary to store a program in the MIU on a
cassette tape. First, connect the DIN connector to the port on the MIT.
Next, connect the microphone plug (red connector) to the microphone jack of
a data recorder as shown in Figure 4-13. Follow the example below.

Microphonsg
{Rad)

DIN Plug

Figure 4-13 Connecting the Cassette Cable

Koy Sequence | Display

a0 7 I s I ENr1|AUX 78 NC to TAPE
N-d TAPE MNAME:

Here you may enter an optional sight charactar name for your program. The
program name may contain any combination of the alphabetic lettars or the
digite 0 9. Preas before pressing the A—Z keys, than press agsin
to enter the numeric keys.

NOTE: If vou plan to store several programe on the same tape, you gshould
name each program to allow the correct program to be found when you
reload it. Also remember that a tape is a serial access device, meaning that
multiple programs are stored on the tape one after the other. It is possible to
lose programs by manually positioning the tape at a point that will cause
the program to be overwritten or by trying to save an edited program that iz
larger that the tape version.

SIMATIC TI405 User Manual
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Eey Sequence Display
— T -
=0l 1: PG 2: V 3: BY&

0 (et 1 £00000
(=Tl END $07679 ($3583 if using TI425 CPU)
' 200000 — 3076797 RTART? ($3583if
using TI425 CPU)
Bagin recordingt
BUSY
(On recorder: Press Record
and Play)

The program is now transferring.

The tranafer requires approximately one
mipute per K of program, up to a
maximam of eight minutes.

OK

{On recorder: Press Stop) The tranefer operation has endad. You
should now use AUX 79 ta compare the

program on tape to the program in the
McC.

You can algo store the gystem parameters, which are items like a
non-standard I/O configuration, on the same casgette tape by repeating the
procedure selecting option 3 :8¥S at the first prompt. If you want to store
V-Memory, follow the example shove, selecting option 21V at the first
prompt. Be sure to use different names for each, such as SYSPRME for the
system parameters.

NOTE: Use a Personal Computer type data recorder for storing and
retrieving programs. Most audio recorders do not accurately record and
playback the digital information. Some data recorders will not operate
properly when both the earphone and microphone plags are inserted. In this
case, just remove the plug for the operation that yon are not currently
performing.
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Storing and Rehieving Programs (continued)

Retrieving a This procedure lists the steps necessary to retrieve a program from a
Program from the eassette tape. First, connect the DIN plug of the cassette cable to the MIU.
Cassefte Tape See Figure 4-13. Next, connect the earphone plug (white plug) into the

earphone jack of the data recorder, Follow the example listed below.

Koy Segusnce

Rewind the cassatte tape to ite beginning or pesition it at the p t
pracsading the program that you want to load.

R as) 7 107 |Cem] |ATX 77 TAFE TO MC

Ced TAPE USEL: (If ueed)

-l 1: PG 2: V 3: S5Ys

o) Cer 1 00000

(=) $00000 START? {(Begin playback?)

$00000 BUSY

At this paint, 8at the tone control of the recorder at midway and turn the volume
control to its off setting,
(o) *
{On recorder: Preas Play)
After the recorder ig placed in the “Play” mode, increase the volume until the
symbol appears in the lower right corner of the MIU display. If the volume iz too

high, the atar will disappear. Try to adjust the volume to the inidrange of these
two points. The tranafer allows ten saconds for this adjustment.

FGM FOUND
'The program is being transferred to the MIU,

{Omn recorder: Press Stop) OK
The program successfully transferred from the

tape to the MIU.

dcr
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Storing a Program The TI405 CPU provides you with the capability of storing your programs

in &tn EEPROM on electrically erasabie programmable read-only memory, also called
EEPROM. Once a program is written to EEPROM, no battery is needed to
retain the program in memory, and the program cannot be modified.

NOTE: The program must be completely erased from the EEPROM before
another program can be stored in it.

The EEPROM cartridee must be inserted into the MIU as shown in
Figure 4-6, before a program is stored from the CPU. To transfer and store a
program in EEPROM, enter the following key sequence.

! Koy Sequence Display |
Lz 1 Jlmex]

AUX 7* MEM CARTRIDGE
AOX 71 CPU TO MC

(=] 1:-PGM/2:V/3:8Y8
i) (el lst $00000
= (?:)gﬁss ii?lf:: T1425 CPU)
(B 300000 — $07675%7

If the EEPROM is biank,
=) EEPROM 08K  *v

**representa the 8K of memory. The display will
count from 00 to 07 twice,

OK

If the EEPROM contains data,
(=Tl AUX 71 CPU TO MC

MCT IS5 NOT BLANEK

When the program is stored on EEPROM, you can remove the cartridge
from the MIU as shown in Figure 4-8 and Figure 4-9, then insert it into &
T1435 CPU as shown in Figure 4-7. If a T1425 program was atored on a
EEPROM cartridge, you must transfer it from the MIU to another T1425
using the procedure described earlier in this Chapter,
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Storing and Retrleving Programs (continued)

Erasing the To erase the program from the EEPROM, enter the following key sequence.
EEPROM Program
Key Bequence Display
Cr s 1G] AUX 7% MEM CARTRIDGE
AUX 75 OLBAR MC

= CLEAR MOy

Cal BUSY

(el MC CLEARED
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Storing a Program
in a UVPROM

The TI405 provides you with the capability of storing your programs on
ultraviolet erasable programmable read-only memory, also ealied UVPROM.

Once a program is written to UVPROM, no battery is needed to retain the

program in memory, and the program can not be modified, The program

must be completely erased from the UVPREOM before another program can

be stored in it.

The UVPROM cartridee must be inserted into the MIIJ as shown in
Figure 4-6, befora s program is stored from the CPU. To transfer and store a
program in UVPROM, enter the fellowing key sequence.

Eey Saquence

Display

AUX 7+ MEM CARTRIDGE
AUX 71 CPU TO MC

Cenr]

1:PGM/2:V/3:BYE

| =i

1at 5 00000

¥=Ti)

ENLD § 07679
{$03583 if using T1425 CPU)

(er)

§ 00000 - 5 O07679%

=5

If the UVPROM is blank,

TVEPROM 16K w

*+ rapresents the 8K of memory. The
diaplay will count from 00 to 07 twice,

oK

If the UVPROM containa data,
AOX 71 CPO TO MC

MC I3 HOT EBLANK

When the program is stored on UVPROM, you can remove the cartridge

from the MIT} as shown in Figure 4-8 and Figure 4-9, then insert it into a

TI435 CPU as shown in Figrure 4-7, If a TI425 program was stored on a

UVPROM cartridge, you must transfer it from the MIU to another TI425
using the procedure described earlier in this Chapter.
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Storing and Retrieving Programs (continued)

Erasing the
UVPROM Program

To erase the program from the UVPROM, remave the retaining screw from
the bottom of the eartridge, and ramove the top cover from the cartridge, as
shown in Figure 4-14. Place the bottom half of the cartridge, with the
windews on the UVPROM ICs facing up, in a commercially available
UVPROM erasing unit, It normally takes 20 to 30 minutes of exposure to
fully erase the program, but this may vary according to the erasing unit.
Read the documentation or manual for recommended erasing times.

UVYPROMs

Aetaining
Screw

Figure 4-14 Removing the Memory Carlridge Cover
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4.8 Data Formats

Spacifying o V-Memory (variable memary) is the collective area consisting of 16-bit words

V-Mamory Address that store the valuas for timers, counters, and others. V-Memory addresses
are specified in octal numbers like V7746, The CPU memory map, shown in
Figure 4-186, lists the specific addresses for the various data types.

The double-word instructions (e.g. ADDD and MULD) use twe consecutive
V-Memory locations for the operand. You gpecify the first loeation, V7746,
and the CPU assumes the next location, or V7747, as the next 16-bit value.
The first V-Memory location is the low-order 16 bits of the 32-bit
douhble-word and the second location iz the high-order 16 bits. See

Figure 4-15.
Mozt Least
Significant Significant
Digit Digit

1401 0011 1000 0007 0181 0000 G10CG1 0101

g 3 8 1 I | 7 0 L 5

V7747 V7746

Figure 4-15 32-bit Double Word Format

Iinterpreting Figure 4-15 illustrates how to interpret a 32-bit double word as eight BCD
V-Memory digits. Address V7746 holds the lower four digits and address V7747 holds
Contents the upper four digits. If you use one of the 16-bit instructions, you could

interpret V7746 and V7747 as two four-digit BCD values.

You can also treat the contents of the locations as binary valueas by using
one of the binary instructions to process its value. The instruaction that you
use to process the V-Memory address determines how the CPU interprets
that location's contents.
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4.9 Memory Map cand Register Layout

All program references to Timers, Counters, V-Memory addresses, and other
operands are specified with octal addresses as shown in Figure 4-16.

Qctal V-memory
Operands Quantity Numbering
-- T Tunar — Tn H 128 TOTi77 VO00D0-Vo0177
n
-7 Courter 128 CTO-CT177 VO1000-VO1177
. a CNT:
. PRE:
Usar Datn 3072 V01400-VO7377 V01400-VOT377
(V= nory)
| Yapg |
e VO7400-VOTT77 VO7400-VO7777
Pararaters
YO7400
Remots - -
e APt g12  GXO-GX777 V40000-V40037
GX  GX
=
Inpusts 320 X0-X477 VA0400-V40423
X
_l 14_
Cutpurts 320 YO-Y477 V40500-va0523
Y
<
Control Relgys 480 CRO-CR737 V40600-V40635
[
25
Stages 3g4  S0-5577 V41000-V41027
T’"‘"T"_"'“V’ 128  TO-T177 Vat1100-v41107
e
Coume eiers 128 CTO-CT177 V41140-V41147
-.l l-
Spacial Relays g6 SP0-SP137 V41200-V41205
_'3*;'_ 192 5P320-5P617 V41215-V41230
Figure 4-16 TH25/TI435 Memory Map
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Beveral V-Memory locations are used by the CPU to store diagnostic
information and system paramaeters.

Communications Error—When a communications error occurs, the CPU
stores the base and slot numbers of the faulty communications module in
V-memory address V7746 and the error code in V-memory address V7747.

User Definaed Diagnostic Error—When a user defined FAULT instruction

executes, the CPU stores the four-digit code in Vememory address V7751. If
a numeric error code was used with the FAULT instruction, that code is

stored at V7751. If an ASCII measage was used, the data label (DLBL)
reference number of that message is stored in V7751,

/O Configuration Error—The module identification code at V-memory
address V7752 identifies the conflicting modules, the code at V7753
identifies correct modules, and V7754 identifies base/slot conflicts. When a
module differing from arrangement data registered is detected while the
PLC iz awitched on and is ranning, the lowest base number and slot number
are displayed in hexadecimal form.

System Errors—System error diagnostics identify errors and their severity.
Self-diagnostic error codes at V77565, V7756, and V7757 classify errors as
fatal, major, and minor, respectively.

Module Error—A code showing the base and slot location of the problem
module i= stored at memory location V7760. V-memory address V7762
contains the error code that identifies the problem type.

Syntax Check—V-memory address V7763 identifies the location of a syntax
error in the program code when the CPUJ is switched to RUN mode, or the
AUX 21 Program Check is run, V-memory address V7764 contains the error
code that identifies the problem type.

Scan Counter—A tally of the number of pregram scans performed since
starting the RUN mode is kept at V-memory address V7765,

Scan Time-—The current scan time is stored at V-memory address V77745,
The minimum scan time gince the start of the RUN mode is in V-memory
address V7776, and maximum scan time i5 in address V7777.
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4,10 Sefling Retentive Memory Ranges

Selacting Ranges You may select the ranges of memory that retain their previous states or
values after CPU power has been cycled by using Auxiliary Funetion 57.
The types of memory that can be selected are control relay status {C),
V-memory (V), timer contact status (T), counter contact status (CT), and
stage status (S).

The operation of retentive and non-retentive control relays is illustrated in
Figure 4-17 and Figure 4-18,

The starter cireuit shown in Figure 4-17 requires a manual start. The
normally epen push button #1 must be pressed. In the event. of a power loss,
manual reatart is required. The equivalent RLL design, built with
non-retentive control relays, functions the same way.

Contacts

Actual Field Wiring

c
X6 (non-retantive)

I (OUT)

C
{non-retentiva)

|

RLL Equivalent

Figure 4-17 Opwrcttion of Non-retentive Conirol Relays
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The starter cirenit, shown in Figure 4-18, Tequires a manual start — but, in
the event of a pewer loss, restart accurs automatically. Push button #2
breaks the eirenit. The equivalent RLL design, built with retentive control
relays, functions the same way. When built with non-retentive control
relays, the RLL cireuit requires a manual re-start after a power loss.

Contacts
Actual Field Wiring

G
X6 X7 (retantive)

F———7——(0uT

C
(ratentive)

c
X6 X7 (non-retentive)

————our

c
{non-retentiva)

f.,_._..

RLL Equivalent

Figure 4-18 Opweraiion of Relentive and Non-Retentive Control Relays
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Sefting Retentive Memnotry Ranges (continued)

Sefting Reteniive When AUX 57 iz selected by pressing (s 1 7] Caux ], the following display
Memory appesars on the MIU.,

%

RUN

a AUX 5* CPY CFA4Q

OTEST AUX 57 SET RET RANGES
OraMm 11 £ 1T 1 1T [ 78 % #3218 76843210

1=

Pressing [En1] advances you to the display to set your retentive control
relays. If no retentive control relays are presently set, you see the following
display. Table 4-3 lists the default retentive ranges for the different

operands,

%,

AUX 57 SBET RET RANGES

18T C--—--
Py i) e 7 &8 24 32187 854 3210

Table 4-3 Defaull Relentive Memory Ranges

Operand Type Defaunlt Reteptive Range I
Contro] relays (C) C800— C787
V-tnemory (V) V2000 - V7377
Timera (T) No retentive timers
Counters (CT) CTO - CT177
Stages (5) No ratentive stages

Using a UVPROM cartridge (PPX: G-14M) in a TI1405 controller results in
default retentive memory ranges as shown in Table 4-3. Control relays and
other functions outside these ranges are non-refentive.
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AWARNING To help avoid potential property damage or personal injury, assure
that control relays or other critical functions that are normally
non-retentive are not assigned to retentive memory locations,
Failure to obgerve retentive memory ranges could result in
personal injury or equipment damage.

If C200 had previously been selected as the first retentive control relay, you
would instead see this display.

I

g:::T AUX 57 SET RET RANGES
15T Co200
OPGM

Ly b v T8 s 432107 85 43210

In either case, to enter a new starting value for the range of retentive
control relays, enter the control relay number and press [ ]. To retain the
current starting value, just press (ExT]. You then see the end of the retentive
control relay range displayed asz shown below.

- Be
I ET:::r AUX 57 SET RET RANGES
END C-=--
DPGM [ R EEN
?

Either enter a new ending value, or, just press [En1],to retain the current
value. If you entered a starting value, you must enter an ending value or
retain a valid current value. Otherwise, E504 BAD REF/VAL iz displayed.

Proceed from setting the control relay range through Vomremory, timers,
counters, and stages, in order. You cannot change one specific group unless
you step through each of them in this order. If you do not wish to change a
particular range, step through it by pressing (et } twice.
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Setting Retentive Memory Ranges (confinued)

All ranges, except V-memory, must be set on even eight-bit boundaries, such
as 0 throngh 7 or 100 through 147. If you do not specify an even number of
locations, the MIU adjusts the starting and ending loeations for you, in
order to include your selected locations within a properly sized range.

To reset any range of retentive values and make the group completely
non-retentive, press (1] (pek ) while either the starting or ending value of
that group is displayed. For example, to switch from having C200 through
C377 retentive to having all control relays non-retentive, first display the

following.
— "
I ORUN AUX 57 SET REYT RANGES
QTEsT 18T cCo200
DPGM i+ F ¢+ 1] 1t 72 868 &5 &4 3 21 0 7 &5 4 3 210

Press(anrr] then (2L ], and the following display appears.

e
ORUN AUX 57 SET RET RANGES
aTEsT co200-0377 RESET ?
Oram T 11 1 1 1 11 7.6 5 % 3316867 G8 8 &3 2z 140

Press[eny ] and you see this display.

AUX 57 SET RET RANGES

18T €—— =~
PT84 32107 8543210

Press Cent | twice to retain all control relays as non-retentive.
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Relay Ladder Logic Programming
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5.1 Prograrmming Guldelines

To program your PLC with the MIU, you must enter only complete
networks. Use the following general guidelines illustrated in the
programming examples in this chapter.

»  TJze 3TR to begin each network that contains multiple elements.
« Use 8TR to begin a network segment that has parallel branches,

s  Use 8TR at the beginning of each branch that contains contacts in
series.

»  se AND to join one element in series with a previous element or group
of elements.

» [Jse AND STR to combing a group of elements in geries with a previous
element or group of elements.

¢« TJze OR to join one element in parallel to & previous element or group of
elements,

» Use or S8TR to comhine parallel branches that began with a 3TR
instruction.

+  Use at least one output (X, Y, or C) or box instruction at the end of each
network. '

»  Press[Eme] when you have entered an element in a neiwork.

The MIU programmer buffers the key sequences unti] you press (Enw], then
it checks to be sure that the instruction i3 legal and can be compiled without
error.
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5.2 Entering Common Ladder Logic Networks

Entering a Simple Each network containing contacts and coils must begin with a STR

Network instruction and end with at laast ene output (X, Y, C, or GX) or box
instruction. The example in Figure 5-1 and other examples in this chapter
assume that this is a new program and illustrate how the programmer
handles the display of the instructions.

X1

Y1

PN
(oui)

Figure 5-1

A Simple Network Excrmple

Table 5-1 Key Sequence for g Simple Network

Key Sequence Display Description
| (Display btank) Begin WIMR key.
(vl NOP Go to the first addreas,
(T G o e {STR X1 Begin the network with 5TR.
| @ |90 2 oE'ITt?) uil.e network with an
[l END Then end the program.
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Entering Common Ladder Logic Networks (continued)

Entering Conldacts To combine a single element in series with the previous element(s), use the
In Series (AND) AND instruction as shown in Figure 5-2.
IX‘I X3 Y1
I | | T
| 1 | our

Figure 5-2 Entering Contacts in Series (AND)

Tabie 5-2 Key Sequence Using AND

Key SBequence Display Description

[ "~ |(Display blank) | Begin with CLR key.
[ ] Nop (Go to the first addresa.
Gl I 1 [eal |5 X1 Begin the natwork with STR.
(&g ] [ 1Er] |AWD X3 Join X3 in earies with X1.
— QUT Y1 End the network with an
Lovr Ibveosmdl 1 Jient] sutput.
B D) END 'Then end the program.
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Enlering Series

The example in Figure 5-3 containg three branches, The instructions are
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Branches in used for the following reasons.
Parallel (OR 5TR)
+  The first branch A begins with a 3TR because it is the beginning of a
network as well as the beginning of a set of parallel branches.
¢+  Thea second branch B uses the oR instruction because it contains only
one element.
«  The third branch C begins with the TR instruction because it contains
a series of elements.
¢ The oR STR instruction combines branch C with B.
A X0 X1 Y1
| N Ut
T | | | (ouD——+
X2
B ||
[
Y3 X3
c /I/f
Figure 5-3 Entering Series Branches in Parallet (OR STR)
Table 5-3 Key Sequence Using OR 5TR
Koy Baguence Dhsplay Description
(Dieplay blank) | Begin with CLR key.
Gaagt) (re ) NOP Go to the firet address,
Gz Ci0mr] |am™ xo0 Begin branch A with STR.
lanp [loxme il 1 fLENT | [AND X1 Join X0 in saries with X1.
— Begin branch B by joining X2 in
Lom jlemuil .z llewr] {OR X2 parallel with branch A
iam Iwoumnl[ 3 Jlea ] {8TR Y3 Begin branch C with 8TR.
Lanp |(wot jixme )l BNT | | ANDN X3 Join NOT X3 in series with Y3.
Lon st H eng ) ok STR Join branch C in parallel with X2.
Cour] CI0am) joor Ta End the network with an output.
(enp ] Ceny END Then end the program.
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Entering Common Ladder Logic Networks (continued)

Entering Parallel Figure 5-4 contains a program segment with the parallel contacts X0 and

Contacts In Series X1. To hegin this group of parallel contacts, use the STR instruction as
{AND 5TR) shown in Step 4. Te combine the group of parallel contacts with the previous

element (X2), use the AND STR instruction as shown in Step 6.

X2 X0 Y1
— | QuT—

X1

Figure 5-4 Enlwring Parcllel Branches

Table 5-4 Key Sequence Using AND 5TR

Key SBeguence Display Description
Cen] (Display blank) Begin with CLR key
| NOP Go to the firat addreas
Cam1 =z 1[En] |STRX2 Begin the network with STR
mlEmeil o I[mo] |BETR X0 g':‘gn the parallel segrnent with
Con} Ciden] JORX1 Join X1 in parallel with X0
[amp sy | [ o) AND BTR Join the parallel segment in
series with X2
lour |hdoaml [ 1 OUT Y1 ' End the network with an output
[3 END Then end the program
56 Relay Ladder Loglc Programming SIMATIC: TI05 User Manuol
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Enlering a
Complex Ladder
Program

SIMATIC: TI405 User Manual
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Figure 5-5 shows how to enter a complex network and illustrates all of the
guidelines presented in this chapter,

X1 X3 X4 X7 Y1
A 51| || | -~
: | | | kE”D—‘
X2 B2ys X6
X113
D1 |
b
Xi4 X10
o2 | | ||
| ] |
x11 X12
pa || |1

Figure 5-5 Entering a Complex Ladder Program
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Entering Common Ladder Logic Networks (confinued)

s-8

Tabla 5-5 Key Sequence for Ladder Program

Eey Saquence Display Deseription
Cem ] (Display blank) | Begin with CLR key
(] NoF Go to the firet addrass
Gl A ) (eme] |8T™R X1 Begin the network with 8TR
Cor 10mmal 2 ] OR X2 Join X2 in parallet with X1
G (3 ) (e |87R %3 Begin branch B1 with STR
[ Bmal_+ |[Eome] ]AND STR Join X4 in series with X3
R el [ I [Emer] | 5TR X5 Begin branch B2 with 8TR
Canp Vel & ) [(Epawr] |AND x& Join X6 in series with X5
(o) (5] (] OR STR g:;r; Et:‘a]l;llch B2 in paralie] with
= ) O e | o x7 %?r;ﬁﬁ’; series with branches
Corl (DI E] |or x13 Join X13 in parallel with braneh C
Cml (A ri| STR X14 Begin branch D2 with STR
] G | AN x10 Join X10 in series with X14
Con] Ca1n 1 CEHT OR BTR Join branch D2 with X13
5] MO ED | s x11 Begin branch D3 with BTR
Canp 1 DG e ] |AND x12 Join X12 in series with X11
o] G CEr) oR BTR g:::; 3:35;2::11 D3 in paralle]l with
Cano 1 Gayw ) CEnT ) AND STR Join segment D with segment A
[our Jevml 1 VEnr] (OOT ¥1 Entar an cutput
(] Cax ) END Then end the program

SIMATIC Tid05 User Manual
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5.3

Using the Accumulator

The aceumulator in the TI4056 CPU is a 32-bit data register where the CPU
gtores the intermediate results of an arithmetic or logical operation. Many
of the instruction set groups, including accumulator data manipulation, bit
manipulation and BCD operations, must use the accumulator to perform
their functions. The accumulator may be used to store values to he operated
upon, or the result of an operation.

One of the mnst basie instructions that uses the acenmulator is LD, One
form of the load accumulator instruction places a 16-bit value from a
V-memory location into the accumulator, The reverse operation is performed
by the OUT instruction, which places a 16-bit value from the accumulator
intoc a V-memory location. Between executing the LD and QUT instructions,
any of the BCD operation or bit manipulation functions can be used to
modify the value in the accumulator. The following program loads the value
from V4000, adds b to it and places the result into memory location V4001,
whenever X0 is on.

STR X0

LD V 4000
ADDR Kb
ogT V 4001
END

If more than one LD instruction is used sequentially, the accumulator stack
iz brought into use, The stack is a group of eight 32-bit dats registers that
aceept values as they are pushed out of the accumulatoer by another value
being loaded into the accumulator. Up to eight values may be pushed onto
the stack. If you try to push any more values onto the stack, the bottom
stack element is lost, See Figure 5-6. '

Some instructions, such as those in the table function group, use values
directly from the accumulator stack. Values on the stack may also be used
by popping thém back into the accumulator, in a last-in first-out order,
using the POP instruction. When the POP instruction is executed the
following actions occur as itlustrated in Figure 5-6.

*  The top stack element is placed in the accumulator.
+  All lower stack elements move up one level.

s The top stack value that was placed in the aceumulator is placed in the
bottom stack element.
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Using the Accumulator (continued)

5-10

The program shown in Figure 5-6 loads the values from V4000 through
V4008 into the accumulator and accumulator stack, then places those
valies in reverse order into memory locations V4004 through V4007,

STR X0

LD V4000
LD V4001
LD V4002
LD V4003
ouT V4004
POP

ouT V4005
ProOP

oUT V4006
POP

ouT V4007
END

Accumulator

POP

PUSH

Stack 1

Stack 2

A

Stack 3

Stack 4

Stack 5

Stack 6

Stack 7

LY Y M MOYOY

Stack 8

AV

FAgure 5-6 Accumulator and Stack Operalion

Relay Ladder Loglc Programming
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5.4 Subroutine Programming

The TI485 offers the opportunity to include up to 64 subroutines in your
relay ladder logic or Machine Stage program. Subroutines are small
programs that are executed when certain conditions in the main program
are met. When the subroutine is called, execution of the main program stops
until the subroutine has finished, then execution of the main program
resumes with the next instruction after the GTS. Figure 5-7 shows all the
instructions needed to ¢all and return from a subroutine. Refer to

Chapter 21 for detailed descriptions of each instruction used.

JvnI /m
o———J { \GTS>——0
‘“ @Ng\, 4
SBR Ki
. Ix2 N
| I Lill*s ’
(r7)

Figure 5-7 Subroutine Insfructions

Subroutines may be nested, or placed inside other subroutines, up to eight
levels deep. Since subroutines are placed after the END instruetion in your
program, they are not scanned unless called by the main program. This
means that they do not add te the scan time unless they are being executed.
This makes a subroutine an excellent spot to place math or table
instructions that are rarely used. These instructions are often lengthy and
execute more slowly than your main program. Placing them in a subroutine
keeps your main program as short and fast as possible, and the scan time is
only affected by the infrequent subroutine calls.
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5.5 Interrupt Programming

Special instructions are available in the TI405 to use with a hardware
interrupt input module, When one of the interrupt inputs tnrns on, the
interrupt routine that corresponds to that input is executed immediately,
After the interrupt routine has completed, execution resumes where it wag
interrupted in the main program. Figure 5-8 shows all of the instructions
used with an interrupt routine. Refer to Chapter 21 for a detailed
description of each instruction involved.

éNE)———u

INT 001

— s
() —4

Figuwre 5-8  Interrupt Routine Inshuctions

Two instructions are included to allow you control over what sections of the
program may be interrupted and what sections should be allowed to
complete before an interrapt routine i3 executed,

» The ENT instruction enables the interrupt module to immediately
transfer program execution to an interrupt routine. Interrupts are
enabled until the program scan encounters a DISI instruction.

» The DISI digables interrupts while some critical portion of the program
executes. Once the critical section ends, another BENT instruction
enables the interrupt module again.

An interrupt routine may be used with immediate I/0 instructions to give a
high speed response to a given input. Once the interrupt input turns on,
immediate I/0 instructions in the interrupt routine can evaluate other
inputs and activate outputs without being delayed by the main program’s
scan time.
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5.6 Cadlculating Scan Time
Each component in a CPUJ scan adds a time factor to the total scan cycle.
Figure 5-9 illustrates these components, Table 5-6 lists time factors for each
component in TI425, T1430, and TI435 CPUs.
Solve
User Program
internal
Diagnostics
Communication
through
Data
Communication
" Module
Communication with
Programming Port
Figure 5% Scan Time Components
The foliowing example shows the ealeulation of sean time for a TI435 with
two 16-paint input modules, two 16-point output modules, no data
communication module, nothing connected to the programming port, 1K of
high speed boolean instructions, and 0.5K of other instructions. Al] times
come from Table 5-6.
Read Inputs = 1.0 ps= Overhead
85.6 us 16-point Module
8ccCus 16-point Module
182.2 us = N2 ms
Update Quiputz = 11.0 us Overhead
80.7 ps 16&-point Module
90.7 ps 16-point Modula
182.4 us = 02 ms
Programming Port 0 ms
Data Communications Oms
Intarnal Diagnostics 1.6 ms
User Pragram:
High Speed Boolean (1 K) 0.49 ms
Other Instructions (0.5 K) 15ms
1.98 ms 1.99 ms
3.63 ms
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Calculating Scan Time (continued)

Table 5-6 Calculating Scan Time

Timo
Operation TI425, TI480 TI485
Read Inputs:
Overhead 11.0pus 11.0 un
Read each B-point module 31.3 us 67.5 ua
Read each 16-point module 62.5 us 85.6 ua
Read each 32-point module 125.6 ps 141.6 p=
Update Qutputs:
Overhead 11.0 s 11.0 s
Read sach 8-point module 8l.8us 62.7 us
Read each 16-point module 62.5 us 90,7 pa
Read each 32-paint module 125.6 ps 146.6 s
Programming Port 0.2 — 3.0 me* 0.2 — 5.0 ma*
Communications
Data Commurnications Module/ 1.1~ 1.8 ma** 1.1 — 1.B ma**
FPer Module
Internal Diagnostics 11-15ms Ll1-1.6ma
User Program (per K) 3.0ms 0.49 mat
3.0 matt

*  If no programming device is connected to the programnting port, this time is 0 ms.

**  Ifno dats communieations module is instelled, this time is 0.05 mz in the TI425 and
0.16 ms= in the TI4365.

+ High speed boolean instruetions

1t All instructions other than high speed boclean (average)
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6.1 Stage Programming

infroduction Stage programming combines relay ladder logic elements with a sequential
funetion chart of the machine to be controlled in order to develop a control
program. The familiar ladder elements are used, but they now control the
movement of program execution through the various stages, as well as
serving their traditional control roles within each stage. Figure 6-1 shows
the four basic components of each stage,

‘ Stage Number

A unique number that identifies each stage and

003 allows it to ba referencad by other stages in the
prograrm.

Stage Number 3
Stage Action
Oparations that are performed whils the stage is
active,
Tum On Output Y2

Transition Condition
A condition in which the stage becomas inactiva.

Sy —

Loave this staga whan X4
and X5 are both On
Jump
005 A transition to anather stags th the program.
Make Stage Number 5 Active

Figure -1 Four Besle Components of Stoge Programming
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Stage Programming (continued)

NOTE: Program execution starts at the initial stage when power is applied
to the machine, It is usually given the stage number 000, and a special
symbol identifies it as the initial stage. More than one initial stage
may be used in a program, and each is active when the CPU makes the
transition t¢ run mode, but for clarity and for eagier troubleshooting, it is
recommended that only one initial stage be used. The initial stage may be
followed by jumps to multiple stages to achieve the same effect as multiple
initial stages.

Figure 6-2 combines the four basi¢ components o make cne complete stage.

l I | | Tum on ouwput Y2 and leave it on untl
IOOG% ] 1] || X4 and X5 ara both on

Y2

Figure 6-2 One Complete Stage

Only the first component is necessary, since a stage can be used as a flag to
indicate that a certain poeint in the program has been reached. This only
requires that a stage number, such as 040, be assigned. See Figure 6-3.

(16 f——=

Figure 6-3 Stage Used as a Flag
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Continuously
Running Stage

Stage Numbwering

It is also possible to have a stage that runs continuously, and never jumnps to
another stage This stage only needs a stage number and stage action, like
Stage 011 and output Y4. See Figure 6-4.

[o0}——

o1

Y4

Figure -4 Stoge Running Continuously

In the T1405 CPU, stages are numbered in octal (or base eight) just like the
I/0 points. This means that the numerals 8 and 9 are not used in stage
numbers. See Figure 6-5(A). The next stage number after Stage 7 is Stage
10, and the Stage following Stage 17 is Stage 20.

The stage numbers do not have te be pssigned sequentially. You can choose
any order that makes sense to you. The TI405 has 384 stage numbers
available: 000 to 577 in octal; however, only one stage can be assigned any
given stage number. See Figure 6-5(B).
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Stage Programming (continued)

Connecling Stages

é-4 $tage Programming

A. Octal Numbering System NO

007 010 017 020 ¢ o0s |

B. Assigning numbears In any order,
without repeating a number

001 002 oo 003

/

Figure 6-5 Assigning Stage Numbwers in Oclal

Stages can be connected in a simple, straight-line configuration that
executes much like scanning through a relay ladder logic program. The
main difference is that only the I/Q points in the active stage can control the

program’s execution. See Figure 6-6.

Figwe 6-6 Stages Connected Sequenticlly
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Stage Programming (confinued)

Stage Controlling Omnce Stage 1 jumps to Stage 2, none of the /O in Stage 1 is active, unless
the Same Points the same points are being used in Stage 2. See Figure 6-7. This can be done
because inactive stages cannot control program execution.

1 'H’F .
il | 1 e i :
Y6 Y6 Y7
Figure 6.7 Stages Controfling the Same Points
Passing Status To ease the transition between stages, outputs from the previouns stage
Between Slages remain on for one scan of the newly activated stage, Therefore, an cutput

energized by two consecutive stages cannot turn off for one scan during the
transition between stages. See Figure 6-8.

Figure 6-8 Passing Sictus Between Stages
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Stage Programming (confinued)

Outputs

-8 Stage Progiramming

More than one active stage can use the same output points without
interference, See Figure 6-9. The stages are considered to be connected in
parallel to the shared ontput: so if one or multiple stages turn on an gutput,
it comes on—even if other stages have it turned off. For duplicate outputs
used in different stages, always use the OR OOT instruction,

(oo ——w{on ——— |

Y4

Figure 69 Active Stages Sharing Oulput

It is possible, and often desirable, éo have multiple stages active at the same
time. You can have several chains of stages looping at once, or stages can
branch to multiple other stages and create parailel aperations that may or
may not rejoin. See Figure 6-10.

(oo )4+{ 001 |+ 0oz || ooa}—l-—(ml—-{uo7|——-| 010 =f 011 = 012

! 020 |-+ 021 |+ 022

030 o3 03z

Figure 6-10 Sample of Multiple Active Stages
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Stage Condition The active or inactive condition of a stage can be used a3 a ladder logic
contact to control the flow of program execution in other stages, as shown in
Figure 6-11. When multiple stages are active, this can be a very useful way
for each stage to monitor what the others are doing, and react accordingly,
Stage 3 has to be active before Stage 1 can transition to Stage 10, but then
Stage 3 has to become inactive before Stage 10 can jump to Stage 11,

SA3 SE

(000) 001 ]f ,— 010 H

002 |—=] 003 |—={ 004 |

Figure 6-11 Using Stage Condition to Control Flow
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6.2

Building a Stage Program

Using Stage is The main advantage of stage programming is its simplification. This
Simple simplification can save you time at each step in the life of an industrial

automation project. Desgign, programming, startup, and maintenance times
can be significantly reduced through the use of stage.

Dasigning Drawing a sequential function chart aids in understanding the oparation of

&-10

the machine that you are going to automate. Figure 6-12 provides a
sequential function chart deaeribing the operation of 2 machine that clamps
a part, drills a hole in the part, and then ejects it. See Figure 6-13,

AUN PART CLAMP SAFETY YE&
CLOBED PLAGE PART PLAGE? DARLL

NO

ALARM
UNTIL
ITis

WAIT
D:-?-'L 5 f—te{ FAMBE | D?rLL je—in-| RELEASE EJECT
BEGONDS DRILL ToR CLAMP PART

Figure 6-12 Sequential Funclion Chart

¥t %% %

RSISERESIRK
RHXRXIXIHLR KA
K2RKIRBRARARRRKS

| 1

o =,

L

\.
*
LN

Prisss
g5

o

Figure 6-13 Typical Clamp/Drill Press Operation

Stage Programming SIMATIC TI405 User Mantaf

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com



Adding 1/0 Points Once the opsration of the machine is understood, the next job is to decide
what I70 points are needed to control the machine as it steps through its

funetions, These can be added to the sequential funetion chart. Putting the
I/0 symbols right on the chart can help ensure that no points are
overlooked. See Figure 6-14,

RUN PART CLAMF RAFETY
SWTTCH N THE - GUARD IN
CLOSED PLACE PART PLACE?
AUN PART
SWITGH PRESENT oLOSE
s CLAMP
DRILL
I | LOWER AT war
l DRILL BOTTOM SECONDS
GHIARD DAILL B
CLOSED Do LOWER SEGOND
LIWT BELAY
ALARM
UNTIL
w8
GUARD GUARD
NOT ALARM CLDBED
GLOSED
RAIGE DAL AELEASE o EXECT
" oAu AT GLAMF PART
ToR
DRILL oL GLOBE PART
e i CLAMP EJECT

Figure 6-14  Adding 1/0 Points
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Bultding a Stage Program (continued)

&-12

After the I/O points have been added to the sequential function chart, the
last desigm job is to assign numbers to each of the points, See Figure 6-15

X Xi
HUN PART CLAMP SAFETY
SWITCH iN THE GLARD IN
CAOBED PLACE PART PLACE?
AN FART
CLOEE
BWITCH FFEEE':'T CLAMP
Ya
x2 X3 To
I LOWER DRILL WAIT
=  DRILL AT =
| BROTTOM SECONDS
DRILL &
CLOSED Foier) LOWER SEGOND
X2 v LIMFT DELAY
ik
i 2
GUARD GUARD
NOT CLOSED
CLOBED
SECONDARY
ALARM
hil
¥
RAIBE DAILL RELEASE ol EIECT
DHILL il - CLAMP PART
TR
DRILL
pRILL UPPER CLOSE PART
uP LM GLAMF EJECT
¥a Yo Ya

Figure 6-15 Assigning Numbers to |/0 Polnts

NOTE: This is an example application only. Actuzl applications require PLC
external eircuits for primary/critical safety protection.

Stage Programiming SIMATIC 114056 Usar Manual

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com



Programming if you are programming in ladder logic, study the chart and carefully
consider the timing and order of the program scan. You can then decide
what I/0 points and operations need to be latched on or off to preserve the
required states while the entire program i scanned over and over. You must
also find and decide what points need permissive contacts in series, in order
to prevent something from happening until conditions are right. Figure 6-16

shows a sample ladder logic program.

DRILL CLOSE CLAMP
RUN PART EJECT CYGLE CLAMP
SWITCH  PRESENT PART DONE PART
X0 X1 Y4 ] fvu\
ouT
| o
GLAMP
PART
Y0
DRILL CYCLE IN PROGRESS
DRILL
DRILL UPPER EJECT
DOWN LIMIT PART 3
Y2 X4 ¥4
7y .
I \__/
DRILL CYCLE
IN PROGRESS
ca
* ! MOVE DRILL TO LOWER LIMIT
DRILL DRILL DRILL
GUARD UPPER cLAMP NOT IN CYGLE DRILL LOWER DRILL
CLOSED LIMIT PART ALARM IN PROGRESS up UMIT DOWN
xz ¥4 Yo i c3 Y3 X3 Y2
Jr——{ | 1 J— ¢ Ty a— (o4
| P 1 [ ! I N
DRILL
DOWN
Y..‘!I
L
' {
ﬁki'gl?ﬂ CLAMP SOUND ALARM UNTIL GUARD IS CLOSED SECONDARY
CLOSED PART ALARM
xz IYUI_ fY1
uT |
*ﬂ/ |I o \@ )—‘

Figure 6-16 Example of a Ladder Logic Program
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Building o Stage Program (continued)

ngéLn 5 SECOND TIMER § SECOND
LIMIT T'%ER
Xa
Py || N *
I ./
K5
5 SECOND 5 SECOND DELAY DELAY
TIMER OVER
To
") A
1| ),
MOVE DRILL TO UPPER LIMIT
DRILL DRILL
DELAY CYCLE DRILL  UPPER DRILL
OVER  INPROGRESS DOWN UMIT upP
(] ca Yz X4 Y3 #
| | [ ] | {our)
[ our
P i | NS
DRILL
upP
Y3
| |
[
]
DRILL RESET TIMER
up RST
Y3 T0
||
™1 I
CHECK FOR END OF DHILL CYGLE
DRILL DRILL DRILL
UPPER CYCLE CYCLE
uMIT IN PROGRESS DONE
X4 c3 /l?»_‘l\
| ] | |
4
| I \_/
DRILL PART
onL il EJECT PART AFTER CYCLE 1S DONE EJEGT
DONE  CLAMPED BART
) -
A M oy
Figure 6-16 Example of o Ladder Logic Program (confinued)
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If you are programming in stage, by the time you reach the programming
step you have almost completed it. A few modifications and the addition of

&6-15

Programming in
Stage
stage numbers are all that is necessary, S¢e example in Figure 6-17.
xﬂl l!“l GLARD [Kﬂl
| ]
e R | |
SWheH  PRESENT - CLogeD
e | 001 | g
@ CLOSE
CLAM
Yo
LOWER
DRILL |x3| sgﬁhgﬁga %ff
L] | L=} oo |
pAILL b
DOWN o K5 o
2 TO Y3
xs EiEcT TSR x1 YO
—] I——EL —— el ]
PAHT NO)
DRILL RST 50 jL CLAMPED
UFFER 2061 |
: LM nesET
STAGE 1—
RELEASE
CLAMF
_@P_Pmr
EECT
hil
Figure 6-17 Example of Stage Frogramming
NOTE: This 15 an example application only. Actual applications reguire PLC
external circuits for primary/critical safety protection.
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Bullding a Stage Program (confinued)

As you can see, some of the blocks defining stage actions were combined
with blocks defining the transition conditions needed to leave the stages.
See Fipgure 6-17. A branch was added where the part ¢clamp closes. Since the
clamp output must be kept on until the drilling is completed, a set stage
instruction is used to allow the clamp stage to stay on while the rest of the
program executes. After the drill reaches its upper limit, the clamp stage is
reset to turn off the output and release the part for ejection. The jump back
to Stage 0 at the end allows the machine to run continuously, aa long as the
run switch is closed.

The stage program requires fewer steps than the ladder logic program. This
means fewer instruetions to enter and fewer instruetions to search through
during the startup step. See Figure 6-18.

Ladder Logic Stage Programming
STRX) 133 30
AND X1 STRX0
AND NOT Y& AND X1
&TAYO SET 81
ORETH JMP 52
AND NOT 1 53
ouT Yo OROUT Y0
STRY2 50 G2
AND NOT X4 STAX2
STRCz JNP B4
CRSTH STANOT X2
AND NOT Y4 JMF 33
ourca 20353
HR X2 OR OUT ¥
AND X4 ETRX2
AND YD AMP 54
ANDNOTY S0 34
AND NOT 3 oA QLT Y2
AND NOT ¥3 ETRX2
TR Y2 JMP 85
OR BTR 54 65
AND NOT X3 TMATOKS
OUT Y2 &TRATO
STANOT X2 AP 36
AND YO 56 38
DuT Y DR OUT Y2
8TAXa ETA X4
TMA TO K5 JWP 57
&R To &G 87
OUT 2 AST 51
STH C2 STANOT 81
AND G OR OUT Ya
AND NOT Y2 ETANOT X1
S8TRY3 JWE 50
Oft5TR END

AND NOT X4

OUT ¥a

araYa

RYT TO

TR X4

AND 3

LT &t

SR

AND NOT YO

ouT Y4

END

Figure §-18 RLL versus Stage Programming Instructions
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The main differences in Figure 6-18 that you notice are the JMP and 8c
instructions and the OR oUT instructions. The JMP instruction is the way
the program transitions between stages. JNP 82 means to jump to Stage 2
and start executing. The line 3G 83 marks the beginning of what is
executed once the jump to Stage 2 is made. The other way to start a stage
executing is to use the set instruction. This activates the stage being set, but
unlike & jump, setting & stage does not stop the current stage from
executing.

The OR OUT instruction is used, but not required, in this example. It is not
required since there are no cases where muitiple stages attempt to control
the same outputs. The or ot allows multiple active stages to control the
same output without interfering with each other. This is the equivalent of
having the active stages connected in parallel before being joined to the
output. If one of the active stages turns on the output, it will come on, even
if one of the other active stages has the output turned off. This way, several
active stages can control the same output without having to be concerned
with which one iz last in the scan.

While Stages 1, 2 and 3 are active, the stage program shown in Figure 6-19
controls YO0 in the same manner as the ladder logic program shown in
Figure 6-20,
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Building a Stage Program (continued)

X0 l)ﬂl
@D f—plwt——
w2
©R)
R
— ] o0z |
¥4
©R)
h{}]
e
] 003 |— 1 - -

X6

€

g

Figure 6-19 Multiple Stages Controlling an Output

x2 Yo
()

——

Figure 6-20 Ladder Loglc Equivalent (All Stages Active)
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6.3 Advantages of Slage Programming

Documeniation

Modular Design

Debugging
Programs

Since stage programming gives you control over which sections of the
program are active at any given time, the use of latching circuits and
permissive contacts to control events relative to the program scan is
eliminated, The SET and RESET instructions replace the latch and release
circuits of ladder logic, and give the ability to control the outputs of multiple
stages from any other stage in the program by making the stages active or
inactive. Control relay usage 1s practically eliminated, since control relays
in ladder logic synchronize the execution of several rungs from scan to scan.
Leaving out the control relays naturally makes a shorter program,

One advantage of stage programming over ladder logic is that with stage,
the program ig practically documented by the time it is written, If the stages
and /O points are labeled as the design step progresses, you can follow the
flaw of the program. With ladder logic, documentation is a step that can be

overlooked.

Stage programming promotes modular development of contrel programs. A
stage program is composed of medules, each controls a specific function in
the program. By developing and reusing program modules, made of
individual or groups of stages, program development time is cut. Modular
programs are easy to troubleshoot, since all the cperations that control a
given function are grouped together,

In the startup step, you must meke changes to adjust the program to how
the machine actually works. Since you know what stages are active at any
given time, searching for problems is restricted to a hmited and defined
area.

It is easier to step through a stage program, one stage at a time, than to
control the continuous scan of a ladder logic program. A stage program has
a well defined path that the program excention follows.

You can make program changes in a stage program with confidence. Any
change made to a stage can only affect program execution while that stage
iz active.
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Advaontages of Stage Programming (confinued)

Mainfenance

Once the startup step is successfully completed, the maintenance step
begins. The direct correspondence of a program stage to a machine
aperation iz helpful for troubleshooting since the maintenance person is
familiar with how a machine operates.

As in the startup step, it is easier to narrew the search for problems when
you only have a limited number of active stages, The limited use of control
relays simplifies the construction of a stage program, makes it much easier
to follow, and gives it a closer correspondence to the machine that it
controls.

If a modular approach to writing the pregram was used, another common
maintenance problem can be addressed. If s library of stage operations is
developed and rensed throughout a plant, the same control stages perform
the same operations in whatever machine is being worked on. Since the
maintenance personnel see the same stages in several machines, they see
them more often.
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6.4 Sefling the CPU to Program Mode

Before entering any of the example programs, use the following steps to put
the CPU in Program (PGM) mode and clear its memory. The CPU keyswitch
musat be in the TERM pogition.

Eey Bequence

o R AUX 1% Operating Mod
lewjlanil 1 It o JTan] AUX 13 Go To PGM Mcde
(B POM Moda?
m] Mode = PGM

AUX 2* RLL Operaticns
Lewm |F 2 [ s J[awx] AUX 24 Claar Laddars
[ EnT ] Clear all Laddara?
Lent] OK
{ctR |Esoapd]] worT | Nop
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6.5 A Simple Stage Programming Example

biagresn Symbols Table 6-1 shows the symhols used in the first stage example in this section.
The sequence nnn represents a three-digit stage number.

Table 6-1 Diagram Symbols
Bymbel Name Description

‘T'hie is the stage where prograimn

@ Initial Stage execution atarta whan the CPU ia
switched to RUN mode.
Subsaquent stagea following the initial

nnn Stage atage in the prograrm.
_| | Contact Eq\_:i\*alent. ta a normally open ladder
logic contact.
Coil Equivalent to a ladder logic coil.
Leave the current atage and start
—= @nn Jump executing the indicated atags when

power flow reaches this peint.

&-22 Stage Programming
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A Simple Stage Programming Example (continued)

Start-Stop Example Figure 6-21 shows a simple start-stop program in stage. Once the home
position (X0) and oi] pressure (X1) switches are made, an OK to start (Y0)
light is illuminated in Stage 0. As long as X0 and X1 are closed, YO will

remain lit until the start switch (X2) is clozed.

STAGE 0 STAGE 1
A A
i X0 x1' le l)czzsF )
(o> | | ] ]
HOME on 4. saRt A sor
POSITION PRAESSLIRE A ?g i RUNNING
u START
Yo Y1

Figure 4-21 Simple Slage Programming Example

Activating the start switch allows a jump to Stage 1 to oceur; this disables
the output in Stage 0, causing Y0 to be turned off. The running light (Y1} in
Stage 1 stays on, and program execution remains in Stage 1 until the stop

switch (X3} is closed.

Closing the stop switch allows a jump back to Stage 0; this dizables the
output in Stage 1. Figure 6-22 illustrates the key sequence for entering this
example. The unshaded area of the logic diagram is the part of the program

entered by the key sequence that precedes it.
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A Simple Stage Programming Example (confinued)

Shaded keys [ represent the blue colored symbol identification keys on

the IU.
Key Sagquenca Display
Cma JEwa)) o J[Ewr] I5G S0

Cam) Gemned e Tl ] STR X0

Cann §lxown 1] 1 ][ enr ] AND X1

Figure 6-22 Entering o Stage Program
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Key Saquence Display
o] QUT Yo

Capp J (i 2 J[ENE AND X2

Lome | tamayi( 1 J[ ent | JMP 51

Figure 6-22 Enlering a Stage Program (continued)
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A Simple Stage Programming Example (continued)

Koy Sequence Display

leg Jiemp]l 7 J[ewr] 5G 81

(Cout J beoafic] [ 5 Cener 3 ouT Y1

Figure 6-22 Entering a Stage Program (continued)
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Running the
Program

Detgils of Program
Operation

Koy Sequance Display

Cowr 3 @il & (et | JMP S0

Ceno ) Cenr END
Figure 6-22 Entering a Stage Progrom (continued)

To run the program, press the following key sequence.

Ray Sequence Display

Cem ) a1 1o ) G AUX 1* Operating Mode
AUX 11 Go To RUN Mode

RUN Moda?
-5l Mode = RUN

The program starts executing at initial Stage 0, X0 and X1 control the state
of Y0 until X0, X1, and X2 are all eclosed at the same time. Having all three
closed simultaneously allows the jump from Stage 0 to Stage 1.

Once the jump to stage 1 is made, X3 and Y1 are the only active I/O points.
X0, X1, and X2 are not used in Stage 1, and may be switched on or off
without affecting program execution. Y0 remaing off, and Y1 is on, until X3
is clozed.

Closing X3 allows a jump back to Stage O; this causes Y1 to turn off and
enables X0, X1, and X2 to contro) program execution emce again,
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6.6 An Iintermediate Stage Programming Example

Diagrom Symbols The intermediate stage programming sxample uses four additional symbals.
See Table 6-2. The sequence nhn represents a three-digit stage number.

Table -2 Intemadiale Stage Diagram Symbals

Deageription

RST Digable the indicated stage when
L 50 nnn Reset Stage power flow reaches thia point.
NOT Contact Equ_:u\ralem. to & normally closed ladder
logie contact.
_ Thie contact pasees power flow when
—‘ Stage Contact the indicated stage ia agtive.
| o NOT Btage Thia contact passes pawer flow whan
Contact the indicated stage ie not active.
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YQ

Y1

Figure 6-23 Conveyor Line
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An Intermediate Stage Programming Example (continued)

Conveyor Line In the example shown in Figure 6-24, a stage program controls a typical
Example convayor line. See Figure 6-23. The program example has four stages.

»  Btage 0 illuminates the Ready to Start light until X0, the Star button, is
¢losed. This allows a jump to both Stage 1 and Stage 2.

s  Btage 1 turns on the Automatic Operation light and then waits until the
Stop button (X1) is cloged.

While X1 ig open, Stage 1 remaing active, and its state can be used to
control program execution in other stages through State Contact SG 1.

When X1 is closed, Stage 1 is reset; this turns Y1 off until the next
jump to Stage 1. The inactive state of Stage 1 is then reflected by the
atate of Stage Contact SG 1.

=  The operation of Stage 2 is controlled by X2 and X3. As long as X3 is
open, X2 selects either conveyor A or B to run. Special relay SP4
continuonsgly pulses on for 0.5 seconds and off for 0.5 seconds,

This engages one of the clutches and allows the selected convayor to
move for 0.5 seconds and stop for 0.5 seconds. This operation might be
used to move empty containers under a filling spout and pause as each
one is filled.

When X3 is closed to request continuous running of both conveyors, a
jump to Stage 3 is allowed. If the stop button is closed at any time,
Stage Contact SG 1 forces a jump to Stage 0.

*  Stinpe 1 engages the clutches on both convevors at the same time, This
might be used to purge all product from both conveyors. Notice that
both Stage 2 and Stage 3 use the same Y2 and Y3 outputs.

Since only one of these stages is active at any given time, this does not
cause a problem a5 it might in a conventional 1adder logic program, The
effact is much the same as using jumps in relay ladder logic to aliow
selective control of an output by different sections of the program,

»  Once X3 is opened, Stage 2 resumes pulsed operation of one of the
conveyors, until either X1 or X3 is once again closed.

If X1 is ¢lozed while either Stage 2 or Stage 2 is in control, Stage
Contact SG 1 forces a jump to Stage O, where execution waits until
start button X0 is closed.
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STAGE 0 STAGE 1
A e
f X0 T x1 )
Caon) || o1 B
’ l | l RESET
e START A BTOF STAGE 1
ALITOMATIC
AP T A, OPERATION
Yo ¥1
STAGE 2
P
r X3 h
| |
002
lj L sapcr j BELECT |
Xz cal X2 CONVEYDR CONTINLOLS
— A — B RUN A
AND B
SP4 SO sPa GRGonD =
SECOND
PULSE PULSE [
o]
MNGAGE ENGAGE
ENT A GLUTCH STow
A B
PRESSED
Y2 Y3
STAGE 3
e
[ %3 561 h
[o0a %" "
ENGAGE ENGAGE AETLAN STLL
CLUTCH CLUTCH TC ™
A B ACREB  AUTO
OFERATION
vz Y3 iwl/
11
STOF
WAS
PREBSED
Flgure 6-24 An intermediate Stage Programming Example
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An Intermediate Stage Programming Example (confinued)

Entering Stage 000 Figure 6-25 shows the complete Stage 0 program,

|
2]

Figure 6-25 Intermedicale Example—Stage 000

Enter the following key sequence to program Stage 0. Shaded keys [
represent the blue colored symbol identification keys on the MIU,

Koy Sequence Display
(o e o TanT] 18@ BO
OUT YO
XY TR X0
Caee JGatean) 31 (gr ] aME 81
Coee ) i) 7 [y ) THP 52
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Entering Stage 001 Figure 6-26 shows the complete Stage 1 program.

| | RESET
STOP STAGE

001

" AUTOMATIC
~ OPERATION

Y1

Figure 6-26 Intermadiate Example—Siage 001

Enter the following keystrokes to program Stage 1.

(kT Thaiml 3 1ewy 1 ouT Y1
Core | o] 1] iy | BTR X1
Lot 1tamendl 1 ][ ey} RET 21
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An Intermediate Stage Programming Example (confinued)

Entering Stage 002

Figura 6-27 showa the complete Stage 2 program,

Xa
[oo2}- | |
L BELECT SELECT | l
x2 CGONVEYOR xz2 CONVEYDR CONTINLIOLS
_— A B AUN A
AND B
——  ONE ONE __561
8P4 SECOND Spa SEGOND
» .5
ENGAGE ENGAGE
CLUTCH CLUTCH srop
'y | WAS
PRESSED
Y2

Figure 6-27 Intermediate Example—Stage D02

Enter the following keystrokes to program Stage 2.

Eoy Sequence Display
Cea 1Gaal 2z 1Cma) sG 82
Cam ) E#e) z (e STR X2
Do Il g LT ] AND 8P4
25 | 7T | R oUT Y2
Er ot EeI 2 Cer] STRN X2
(e G (=] () AND 8P4
Cour J¥mi 3 [ aa) ouT Y3
o) G L) () BTR X3
G i) (3 J(mir] e
i) el {5 1[Ny ] STRN 51
e ) Eaall e ) Lok JHP S0
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Entering Stage 003 Figure 6-28 shows the complete Stage 3 program.

S541
e

x3
Loce} 1 |
RETURN
ENGAGE ENGAGE BTILL
é BLUTCH é cLuTcH Ricgeld 1N AUTO
h £ Y3

_l’}_/_ﬁ

STOP
WAS
FRESSED

b d

Figure 6-28 Intermediate Example—Stage 003

Enter the folowing keystrokes to program Stage 3.

Koy Sequence Display

Cea lEna3 W ow ) 86 83

[out ) frouni[ 2 I 6N oUT Y2

Cour sl T o) oUT T3

Caze) (ot } (Al T o1 Caa) STRN X3
Lanp | [Emar] [ 1] Eeny | AND El

Lme Jinomail] 2 | ENT TP 82

G (ot 1 (e} (3] (o] STRN B1
Lo ((amar]l o 1 enyl JuP 20
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An Infermediate Stage Programming Example (confinued)

Running the To run the program, enter the following key sequence.
Pragram
Key Sequence Display
T [T e | | Y AUX 1* OPERATING Mode
AUX 11 Ge To RUN Mode
el RUN Mode?
=] Mode = RUN

Program Operation The program starts executing at initial Stage 0 (80). YO is on until the X0
Start switch is clozed. Closing X0 allows a jump to both Stage 1 (81) and
Stage 2 (82). Stage 1 turns on Y1 and waits until the X1 Stop switch is
closed. When X1 is closed, Stage 1 is reset and Y1 is turned off until the

next jump fo Stage 1.

Stage 2 pulses either Y2 or Y3, depending on the state of X2, SP4is a
special relay that is on for 0.5 seconds and off for (.5 seconds. Closing X3
allows a jump to Stage 3. If Stage 1 becomes inactive at any time, program
execution is forced back to Stage 0.

Stage 3 turns on both Y2 and Y3 continuously until either X3 is turned off
and that allows a jump back to Stage 2, ar Stage 1 becomes inactive, and
that forces a jump back to Stage 0.

Ending the To end programming, enter the following key sequence.
Program
Key Sequence Display
{(&ng End
6-3  Stoge Prograrmming SIMATIC TI405 User Manual

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com




6.7 An Advanced Stage Programming Example

Diagram Symbols The advanced stage programming example uses five additional symhols. See
Figure 6-29. The sequence nnn represents a three-digit stage number.

Symbol

Description

TO01

K20

Timer

Th timer times up from zero in

0. 1-sacond intervals. The K20 glves this
timer a preset of 20 intervals, or two
saconds. A imer is reset when the stage
cantaining it becomes inactive.

TaO1

}._

Timar
Contact

This contact cfases when the

current value in the imer with the
caresponding refarance number (TO01) Is
graater than or equal 1o its proset.

cToon

Counter

The counter incrermnents ance avery time it
soaz a low to high transition on its input.
Countars retain their cument counts until
resot by the RST ingtruction.

—— - nnh

Set Stage

Activate the indicated stage without
laaving the current stage. The sol stage
rernains active untll itis razat, or a jump to
another stage is made from tha set stage.

Shift
Register

Whan a low to high transition iz seen on
the ciock input, the cument on or off states
of the contactx in the chain defined by the
two G numbers in the SR box are ghifted
to the next higher contact. The state of the
data contact is shiftad into the first contact
{C0) and the previous siate of the last
contact {C7) iz lost, Closing the reset
contact tums off all the contacts in tha
chain.

Figure 6-29 Advanced Stage Diagram Symbaols
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An Advanced Stage Programming Example (confinued)

Product Finishing Figure 6-30 shows the machine to be controlled by this example program.
Exampile

+  Two different products arrive intermixed on a conveyor. One product of
either type arrives each second.

s  Each requires a different set of finishing operations. The taller of the
two products trips a diverter switch at the end of the infeed conveyor.
This swings a diverter gate to its extended position and allows the tall
product to be moved onto the appropriate finishing line.

«  The gate remams extended far one second, and then returns to its
retracted position, ready to divert the next product onto the short
finishing line.

GRINDER BUFFER PAINT DRYER
[ 11 | i ¥ R S
PRODUCT DIVERTER g E E S u JJ
SWITCH
TALL & 3
PRODUCT
STATION STATION STATION STATION
GG 1 2 a 4
BUFFER PRIMER PAINT
DlVEHTEH E 10 ] 1
3
SHORT ﬂ 3
PRODUCT STATION  STATION  STATION
1 2 a
Figure 6-30 Product Finishing Example

The finishing line conveyors advance for one second, then stop for two

seconds while each operation takes place. The operation at each finishing

station only takes place if a product is present at that station.

The tall product finishing line has four stations. The product is first run

through a grinder to remove rough edges. The conveyor then advances for

one second to move it to the buffer station where the product is polished.

The next station paints the product, and the last bakes the paint to dry it.

Every time a drying operation takes place, the count of finighed tall product

is incremented.
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The short product finishing line has only three stations. The product is
buiffed, primed and painted in three two-second cperations at stations that
are one second of conveyor travel apart. Every time a product is painted at
station three, the finished short product count i incremented.

Figure 6-31 shows a stage program to cantrol the example machine. Stage 0
illuminates the Ready to Start light (Y0) until the start button (X0) iz
pressed. This resets the finished produet ¢coumters and allows a jump to
Stage 1 and Stage 2. Y0 is turned off when the jump occurs.

SIMATIC Ti405 User Manual

Stage ] starts timer TO, that iz usad in Stage 2 to provide a two second
delay for the conveyor motors to start. An Automatic Operation light
(Y4) 15 illuminated, and the conveyor motor sutput (Y5} is turned on.
These stay on until the stop button (X1) is pressed, and resets all
stages, allowing the jump back to Stage .

Stage 2 delays the operation of the rest of the machine for two seconds,
until timer TO in Stage 1 reaches its preset, and closes timer contact
TO. This allows a jump to Stage 3.

Stage 3 resets Stage 10, that turns off all outputs in that stage. This
has no effect the first time Stage 3 is active, since Stage 10 hag yet to
be activated. However, on subsequent jumps to Stage 3, both conveyor
clutches controlled by Stage 10 are turned off to stop conveyor
movement, and the diverter gate is retracted.

Stage 4 starts timer T1, and then sets Stages 11 through 17 (if the
corresponding control relays are energized). The control relays are
turned on or off by the product shift registers in Stages 6 and 7, sa the
result is that the output (Y10 through Y16) controlling the operation at
any station is activated only if a product is present at that station.
When a stage is set, its I/(} points become active, but, unlike a jump to
a stage, the previous stage remains active and executing. Stage 20 is
also set, and activates the finished product counters. These increment
whenever the last operation on the appropriate produet line occurs.
After the selected operations have run for two seconds, timer contact
T1 closes and allows 3 jump to Stage 5. When Stage 4 becomes inactive,
timer T1 is reset until the next jump into this stage.

Stapge 5 resets Stages 11 through 17. This disables the outputs in these
seven stages, and stops all finishing operations on both lines, in
preparation for conveyor movement. A one-second timer (T2) is staried,
and Stages 6, 7, and 10 ure set, Stages 6 and 7 enable the appropriate
shift register to record the entry of a product onto one of the finishing
lines. Stage 10 engages the clutches to advance the conveyor, and
extends the diverter gate if a tall product is being loaded. After one
second of conveyor movement, timer contact T2 closes and allows a
jump back to Stage 3, that disengages the conveyor clutches and starts
another two second finishing operation cycle.
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An Advanced Stage Programming Example (conlinued)

&-40

Stage Programming

Stages 6 and 7 are both active at the zame time, gince when one line
shifts in an on-state to indicate receiving a product, the other line has
to shift in an off-state to indicate a gap in its vow of products. This
keeps track of products present at each finizhing station on both lines,
The state of X2, on when a tall product is loaded, and off when a short
product is loaded, determines which shift register records receiving the
product. The state of Stage 10 is used as a clock signal to shift the on
and off states through the chain of control relays, indicating the
presence or absence of a product at each station, This is a natural
choice, since Stage 10 is active when the conveyor is moving (physically
shifting the products between finishing stations). Closing X3 clears
both shift registers. This could be used to reset the machine if it had
been stopped, and the unfinished parts have been manually removed
from both lines.
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Figure 6-31 Slage Program for Product Finishing
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An Advanced Stage Programming Example (continued)

Enfering Stage 00D Figure 6-32 shows the complete Stage 0 program.
xo
@ |
RST
START AT
() READY ¢T
* START RESET —--
PRODUCT m
Yo COUNTERS
Figure 6-32 Advanced Example—Siage 000
Enter the following keystrokes to program Stage 0. Shaded keys 1
repregent the blue colored symbot identification keys on the MIU,
Kay Boquence Display
Cia) (mrymie-val 186 50
[our Thecemi | _o [ ent | ouT YO
am] e Men) ETR X0
[Eer] ter]) Lo lCawll 1 J[et) |RST cTO CT1
Lot | Cmewsni [+ 3L EnT | JME 51
Comee ) e} (2 3 Coner ) IMP 82
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Entering Stage 001 Figure 6-33 shows the complete Stage 1 program.

X1

|
STOP e
AUTOMA“ CONVEYOR 5G20
~ OPERATION MOTOR TURN
OFF ALL

DUTPUTS

Figure 6-33 Advanced Example—Stage 001

Enter the following keystrokes to program Stage 1.

Rey Sequence Display

Cea ] Ch 10eal £G 51

| e ) (TR e o2 Je Jl@a) | TR to K20
Cour ) GO GO OUT Y4

Lot J b} [ 5 1L o ] ooT Y5

Lam JLxmgd( 1 JLewy| 8TR X1

[may | [abinl [ z Ilsmwiidl z 11 o Jle&y] |RaT 52 220
Luwe Jloml (o | 0] JHP 50
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An Advanced Stage Programming Example (continued)

Enfering Stage 002 Figure 6-34 shows the complete Stage 2 program.

To
2 SECOND
START
DELAY

Figure 6-34 Advcenced Example—Stage D02

Enter the following keystrokes to program Stage 2.

Eey Sequences Display
Coa Jleeayl( 2 1[enT] g 82
[oin J CHRTI 0 o (Gt STR TO
Lomee jismanlt 3 |0 BT | JME 53

Entering Stage 003 Figure 6-35 shows the complete Stage 3 program.

RST
BG10

STOP
CONVEYORS

[o0s L

Figure 6-35 Advanced Example—Stage 003

Enter the following keystrokes to program Stage 3.

Key Baquence

EE

sy i@l 10 o (Tewr) ROT 510
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Entering Stage 004 Enter the following keystrokes to program Stage 4. Figure 6-36 shows the
complete Stage 4 program.
Koy Baquence Display
] L jmm BG §4
(o [Tl (o el 2 [ o J(RaT] |[TMR T1 K20
Dot ] Cmen ) T3 ) (6T TR T1
Camr J (gl 5 JE gNy | JMP 85
218 ) [ J[eal BTR C0
[aex] D Caad HET 511
lem | Iseom] (2 JU et ] 2TR C1
foer {Ismanlt 1 10 2 |[enr] SET s12
[am | 2 1[mv] BTR C2
O (e BET H13
Lo [lcwemll & JIeNT | STR C3
(et Mot 1 JL 4 I{enrl HET Si4
Caxn JlgeRE [ 1] o (] BTR €10
[zer Temar) (3 I 5 (e SET E15
Leth |lctemdl .4 JL_4 Il enNT) TR C11
[ser JCooedn]| 1 I ¢ (gt BET H16
(e dlofemi[ 1 1 2 ] Rrl aTR <12
Loy Vlewmaed] 1 1 7 J| ENT ZET 517
Logt Jleengyll 2 10 o Tl vl BET 8210
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An Advanced Stage Programming Example (continued)

[oos ||
2 SECOND

OPERATION
K20 o TMER

T }]l et | 011

TALL PRODUCT
AT FIRST STATION

=3

e | 012]

TALL PRODUCT
AT SECOND STATION

;2
el =i fite- | 013

TALL PRODUCT
AT THIRD STATION

ca
} — -

TALL PRODUCT
AT LAST STATION

c10
| e | 015
SHORT PRODUCT
AT FIRST STATION

C11

| agrl
SHORT PRODUCT

AT SECOND STATION

| L 1} ¥

SHORT PRODUCT
AT LAST STATION

g [ 020]

Figure 6-36 Advanced Example—Stage 004
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Entering Stage 005 Figure 6-37 shows the complete Stage 5 program.

o=} -
RST
SG11
S5G17 K10
TURN
OFF ALL
STATIONS T2 I

e [ 010]

——]Taf-*-
1 SECOND
CONVEYOR

MOVEMENT
TIMER

figure 6-37 Advanced Example—Stage 005

Enter the following keystrokes to program Stage 5.

Eay Saguence I Display
{mg ] [l 8¢ 85

(o) G 1 (1 )@@ J_ £ ] (o] | RaT 811 517
Drun 1Cmem | 2 TS 10 | [Ewr ) THR T2 K10
(ot E@a) s 1o ) SET 86
EriEsai[ 7 )leq] ET &7
CeET loeagil [ 5 2% 1 SET S10
Lem |l ][ 2 /e 2TR T2
G o) (3] Lot THP 83
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An Advanced Stage Programming Example (continued)

Entering Stage 006 Figure 6-38 shows the complete Stage 6 program.

oce]

xz 88 X3
PRODUCT 10 CLEAR
DIVERTER SHIFT
SWITCH REGISTER
SR co c7
TALL PRODUCT SHIFT REGISTER

Figure 4-38 Advanced Example—Stage 006

Enter the following kevatrokes to program Stage 6.

Koy SBequence Display
Lomn J(emel( 3 Il o JLENT] 8TR 810
lam (bwma]] 3 |fovy| TR X3
Lok floem] o Jhcerid{ 7 J[ent] ER <0 C7
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Entering Slage 007 Figure 6-39 shows a complete Stage 7 program.

r
x> / sa P
pRODUCT 7| 10 CLEAR
DIVEATER SHIFT
SWITCH REGISTER
| sm clo 1

SHORT PRODUCT SHIFT REGISTER

Figure 6-39 Advanced Example—Siage 007

Enter the following keystrokes to program Stage 7.

Key Sequonce

ge 87

(e J(noy TExmil 2 V[ et ETRN X2
Comm ) lemabd 1 | o JlEnr] ETR E10
Ism {lxmnl(_z 0B BTR X3
Cer JEER] T3 100 Jkem][ 1 I 7 JLEar] s= c10 €17
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An Advanced Stage Programming Example (continued)

Entering Stage 010 Figure 6-40 shows a complete Stage 10 program.

Y1 GATE

o
E 1 PrRobucT
DIVERTER
SHORT TALL X2
CONVEYOR CONVEYOR SWITCH
CLUTCH CLUTCH
DIVERTER
Y2
Y3

Figure 6-40 Advanced Example—Stage 010

Enter the following keystrokes to program Stage 10.

Eoy Saquence Diszplay
Cour | el 1 (o) oUT Y1
[ouy ] 0] OUT Y2
Caim ] G STR X2
[ovr Jtmml s | [(ewr ] OUT Y3
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Entering Stage 011 Figure 6-41 shows a complete Stage 1] program.

TALL
GRINDER

Y10

Figure 6-41 Advanced Example—Stage 011

Enter the following keystrokes to program Stage 11.

Key Saquence

(Conr } bepom] TS 10 [ ent 1 oUT Y10

Enterng Stage 012 Figure 6-42 shows a complete Stage 12 program.

TALL
BUFFER

Y11

Figure 6-42 Advanced Example—Stage 012

Enter the following keystrokes to program Stage 12,

[ IEm ] 7 I | e I oUT Y1l
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An Advanced Stage Programming Example (continued)

Entering Stage D13 Figure 6-43 shows the complete Stage 13 program.

[o13 ]
O s

Y12

Figure 6-43 Advanced Example—Stage 013

Enter the following keystrokes to program Stage 13,

Eey SBequence Display ==:|==I
i ——————— T — _ -
Caa GGt ) 8¢ 813
[out Jhuopwi| 3 [ 2 [ EnNT]) auUT Y12

Entering Stage 014 Figure 6-44 shows the compleis Stage 14 program.

TALL
DRYER

¥13

Figure 6-44 Advanced Example—Stage 014

Enter the following keystrokes to program Stage 14.

Eay Sequence

lovr Jboomi (3 7] 2 J[env] ot Y13
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Enteting Slage 015

Entering Stage D146

Figure 6-45 shows the complete Stage 15 program.

SHORT
BUFFER

Yi4

Figure 6-45 Advanced Example—Stage 015

Enter the following keystrokes to program Stage 15.

Koy Sequence Display
[ag 1 s (et g6 816
lour Thagunil 1 11 4 [ enrl OUT Y14

Figure 6-46 shows a complete Stage 16 program.

SHORT
FRIMER

Y15

Figure 6-46 Advanced Example—5Stage 016

Enter the following keystrokes to program Stage 16.

Cea IE@El 1 JLs JlBw] |56 s16
I I OOT Y15
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An Advanced Stage Programming Example (continued)

Enfaring Stage 017 Figure 6-47 shows a complete Stage 17 program.

017

SHORT
PAINT

hil:]

Figure 46-47 Advonced Example—Stage 017

Enter the following keystrokes to program Stage 17.

Key Sequence Display
lovr Ieourni L1 ] L & |0 ENT I OUT Ylé

Entering Stage 020 Figure 6-48 shows a complete Stage 20 program.

I 020}
L TALL -1 SHORT
Y13 DRYER Akl PAINT
TALL PRODUGT SHORT
COUNTER PRODUCT
COUNTER
cTo CT1

Figure 6-48 Advanced Example—Stage 020

Enter the following keystrokes to program Stage 20.

Key Bequence Display
[ea jGEEaI (2 1o e 80 B20
Do) igar] 1) (2 Cer) STR Y13
ﬁ%lﬁﬁ HGONT OT0 XK9899
LR Jjown Lo 1[ s |Lenv] BTR Y16

SGONT CT1 K9%9%

Ca 0 10 11 17
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Running the To run the program, enter the following key sequence,

Program

_i_ay Sequence

—— =

AUX 1* Operating Moda
AUX 1l Go To Run Mode

Display

Conr )

‘| Run Mode

(=]

Mode = RuUn

Program Operation The program starts executing at initial Stage 0 (80). Y0 iz on until the X0
start switch is closed. Closing X0 allows a jump to both Stage 1 (81) and
Stage 2 (52). Stage 1 starts the two-second timer T) and turns on eutputs
Y4 and Y5. Stage 1 then waits until the X1 stop switch is closed. When X1 is
closed, Stage 1 reseis all stages; this turns off all cutput points, and jumps
to Stage 0. Figure 649 shows the input madule indicators used in this

example.
INPUT \
I_ A —'-‘—""I -] —‘—‘—I
START o[ &[] I: O &[]
sor—-1[] 53 1[0 5[]
DIVERTER SWITCH
(TALL =ON) 2] e[ 2(] e[l
CLEAR SHIFTREGISTER—®= 3 [ | *[ ] 3[] 7[J
Figure 6-4% Input Module Indicators
Ending the To end programming, enter the following key sequence.
Program
Eey Sequence Display
Cetip ] (vt |1 End
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An Advanced Stage Programming Example (confinued)

Execuling the Stage 2 delays operation of the machine for two seconds until timer contact
Program TO closes, This ends the startup section of the program, and execution
jumps to Stage 3, where the main flow of the operation begins,

Stage 3 has no effect on machine operation the first time it executes, but on
subgequent jumps to this stage, the conveyors are stopped by the reset of
Stage 10,

Stage 4 starts the two-second timer, T1, that controls the length of time this
stage is active, For two seconds, until timer contact T1 closes, any of the
finishing stations that have a product present are activated. Contrel relays
C0 through C12 are turned on or off by the shift registers in Stages 6 and 7,
that keep track of the position of each product on the finishing lines. The set
stage instructions nsed to activate the finishing operation stages allow
Stage 4 to activate other stages without jumping to them. This allows Stage
4 o continue executing afier it has activated the other stages. Timer T1 is
reset when the jump to Stage 5 is made, Figure 6-50 shows the output
module indicators used in this example,

AUTOMATIC
C(“)‘hng%YEH OPERATION TALL GRINDER

TALL BUFFER

—
SHORT

READY TO START 0 (] GOFreR
sHORTCONVEYOR 41 [ ] s [] 1 [] s [J-mSHoRT

TALL CONVEYOR SHORT
CLUTC:HI 2] s[] & DT PAINT
DIVERTERGATE =3 [ | 7 [] / = 70

/ TALL DFNEF!

TALL PAINT

Figure 6-50 Output Module Indicotors
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Stapge 5 resets the stages that were set by Stage 4. This turns off any of the
finishing eperation outputs in preparation for moving the conveyor.
One-gecond timer T2 15 started; this conirols the time that this stage is
active before jumping back to Stage 3. Stages 6, 7 and 10 are set, and Stage
5 remains active until timer contact T2 closes and the jump to Stage 3 is
made. Timer T2 is reset with the jump,

Stage 6 activates the ghift register that records the position of the product
on the tall line. Each time a tall product is loaded, X2 is closed. The on state
of this contact is clocked into the tall shift register when Stage 10 becomes
active and the product is moved to the first finishing station. At the same
time, an off state iz clocked inte the short shift register in Stage 7, Since
both conveyors advance together, and the tall product was diverted onto the
tall finishing line, a gap is left in the row of product on the short finishing
line. By shifting an off state through the short shift register, none of the
finishing operations is activated as the empty space passes. Closing X3
resets all the eontrol relays in the shift registers to an off state.

Stage 7 operates the same as Stage 6, except that the opposite state of X2 is
elocked into the short product shift register. Since X2 is only closed when a
tall product is loaded onto the finishing line, when a short product passes
the switch is open, and an on state is ¢clocked into the short shift register. An
off state is clocked into the tall product shift register, since this time a gap is
left in the row of tall produets. Notice that both shift registers are
programmed with eight control relays, even though not all of them are
needed. Shift registers in the TI405 CPU must use control relays in groups
of eight, and the first relay number in the shift register must be a multiple
of eight (0, 10, 20, 30, etc.). Remember that all TI405 I/0 points are
numbered in octal, and that is why control relay number 10 is 8 multiple of
eight,

Sinece stages are numbered in octal, the numerals 8 and 9 cannot be used in
stage numbers, This means that the next stage after Stage 7 is Stage 10.
‘When active, this stage turns on Y1 and Y2, and engage the clutches to run
both conveyors. If a tall product is being loaded, X2 is closed and Y3 is
turned on to extend the diverter gate and guide the product onto the correct
conveyor. These outputs stay on for one second, until execution jumps back
to Stage 3 and Stage 10 is reset,

Stages 11 through 17 each simply turn on an output when set, and turn it
back off when reset.

Stage 20 activates the finished product counters. When a product reaches
the last finishing operation, the appropriate counter is ineremented. Since
gtage counters retain their current counts, even when their stage is not
active, the product count is retained after the machine ig stopped. The
counters are only reset after the start button (X1) is pressed.
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6.8 Monitoring the Exampile Program

After the stage example program is running, its status can be monitored
several ways, Figure 6-50 shows the indicators on the TI405 output module
that correspond {o the program operation. Figure 6-49 shows the same
information for the input module.

The active stages can be monitored with the MIU by entering the following
key sequence.

Key Sequence
(=] [cun] (]l

Figure 6-51 shows how the MIU display appears if stages 1, 4, 6, 7, 12, 15,
and 17 were active.

@

B

10

v b b T8 5 4330 T &5 43 2

5
16 mon B B

i
14

Figure 6-51 Active Stages Monitor Display
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Current counter values are stored in V-memory lacations that are 1000
greater than the counter number, Counter 800°’s current count is found at
V1000, and counter 001 at V1001. The finished product count can be viewed
by entering the following key sequence.

Key Sequence
laar Il Il v 11 3 1L e d[ o 1I_ g |bypartl

Figure 6-52 shows how the MIU display appears if 9 tall products and 23
short products had been finished.

%

EDN
OFF
v 1001 Y 1000
VvV MON 06223 ooG0bH
0 PGM T T 1T 1 1T 1T 1T 1T 7854311678853z 70

TTit

Figure 6-52 Product Count Display

Current timer values are stored in V-memory locations that are equal to the
timer number. The current timer values for timer 000 and 001 can be
viewad on the MIU by entering the following key sequence.

Key Sequence

Notice that timer 000 does not stop at its preset of 20, but continues to time
up to 9999, You may use [y J and to view other timer current values
on the MIU. Figure 6-53 shows how the display appears if timer 000 had
been running for 68.3 seconds and timer 001 for 1.3 seconds.
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Monitoring the Example Program (continued)

o
5=

0

CHEST VvV MON 0013 0683
QpPam T 1 11 t 1 1 1 766% 4% 216788 432148

e —— L d

— =

Figure 6-53 Current Timer Values Display

Groups of sixteen I/0 points can be monitored on the MIU. The following
key sequence shows how to monitor Y0 through Y17,

Use (i1 ] and [FBEY] to view the status of sther Y points. Figure 6-54 shows
how the MIU display appears if Y1, ¥2, Y4, Y5 and Y14 were on.

Key Sequence
Letn 1 col |broown [ o ] {myst]

%

10 Y

0
16P MON | HE B

e Pt YE S 432107685233 t0

Figure 6-54 1/0 Monitor Display
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Chapter 7
Application Examples
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Hage 00 OPBION . . . . e e e 7-6
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L3 Lo T P00 0 KT T oY= 110 o R 7-6
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7.5 High-Speed Count Subroutine T35 ONly)} ......oiiir i ireeeeirnes 7-10
SHagE D00 ORI O . .ot et e e 7-11

3 (o To -0 UK T = (o 11T T AP 7-11

Stage 002 ORI O L . e e e e 7-12

Stage 003 Operation ......... et e e e e e 7-12

746 MIU Operator Inferface (M435 ONlY) . ......cvirvriesneeseitenerasarinessssisnnnn 7-13
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7.1 Start/Stop Circult

Figure 7-1 and Figure 7-2 illustrate a simple Start/Stop circuit. Switch X1 is
a normally closed switch that has power flowing until it is pressed. When
Switch X0 is pressed and released, power flows to the coil Y1, controlling
current to the motor, On the following seans, the circuit continues to supply
power flow to Y1, until Switch X1 is pressed.

Start Stop
Switch Switch Motor
X0 X1 (_,Y1
| i )
Y1
—

Figure 7-1 Star/Stop RLL Circuit

X1

X
@—] |—w{o] 7
BTART

Y1

Figure 7-2 Start/Stop Stage Circult
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7.2 System Start-up Hom

Figure 7-8 and Figure 7-4 illustrate a system start-up horn RLL program.
When the operator preases the start switch, the timer T4 bagins counting
for five seconds and the horn output coil is energized. When the timer times
out or the reset switeh is pressed, the horn output coil is turned off.

Start Reset Motor
X0 X1 Y1
| J/F/ (¢ ) :
# | | \E)UT b
Y1
A r TMR - T4 —
K50
Hom Qutput
T4 Y1 Y0
I I ()
’ 1F | | OuT)——1

Figure 7-3 System Start-up Hom (RLL)

%0 X1
Co>—]| f—{o01] — |
START oron éﬁo T4 RESET
Y1 Ta @ HORN

Y0

Figure 7-4 System Stari-up Hom (Stage)
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7.3 Run/Jog Conirol
This example shows how run/jog control for a machine’s main drive motor
can be implemented with a Machine Stage program. You can follow this
description of how the program operates by referring to the Machine Stage
diagram in Fignre 7-56 and the program instruction listing in Figure 7-6.
Main instructions used:
*  I3G to indicate the Initial Stage
«  8G to indicate all other Stages
X0 |x1|
Cooo) ——={oor | | —
ETART STOP 82
@ BRAKE &
YO
Rl e
L ] - 002 | [ 004
Saoond RUN MAIN
o A mmn @
Y1
TO
xz ®3 X3
(oos}——] fo={ooe} | (o0
408 Joa JOG
FORWARD I;!H‘I“v'*"g FORWARD
FORWARD
x4 Y1 x4
JOG MAIN J0a
REVERSE REVERSE
it (on)
Y2
Figure 7-5 Run/Jog Control Stage
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$ 0 ISG 5 0000
$ 2 ouT Y 0000
$ 3 STR X 0000
$ 4 JMP s 0001
$ 5 JMP 8 0002
3 6 SG 5 0001
$ 8 STR X oom
$ 9 RST S 0002 S 0007
$ 11 JMP S 0000
$ 12 5G s 0002
$ 14 T™R T 000 K 0005
$ 17 STR T Q00
$ 18 JMF S 0003
$ 19 SG S 0003
$ 21 STR X o002
$ 22 JMP 5 0004
$ 28 STRN X o002
$ 24 JMP 5 0005
$ 25 8G S 0004
$ 27 OROUT Y 0001
$ 28 8G 5 0005
$ 30 STR X 0003
$§ 31 JMP 5 0006
$ 32 STR X o004
$ 33 JMP 8 0007
$ 34 8G 4 0006
$ 36 OROUT Y 0001
$ 37 STRN X 0003
$§ 38 JMP S 0000
$ 39 5G 5 0007
$ 41 OROUT Y 0002
$ 42 STRN X 0004
$ 43 JMP S 0000
$ 44 END

Figure 7-6 Run/Jog Control Program Listing
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Run/Jog Control (continued)

Stage 001
Operation

Stage 002
Operation

Stage 003
Operation

Stage 604
Operction

Stage 005
Opearation

Stage 004
Operation

Stage 007
Operation

7-6 Application Exampleas

When the PLC is placed in RUN moede, program execution begins at initial
stage S0. This engages the brake to keep the drive from moving until the
gtart switch iz pressed. When start is presged, program execution jumps to
Stapges 81 and 82, This deactivates Stage S0 and releases the brake.

Stage 51 continnously monitors the stop switeh. If the stop switch iz
preased, all other stages in the program are reset with the RST S 0002

S 0007 instruction, This disables all the outputs in stages 82 through 87.
Program execution is transferred back to Stage 50 by the JMP 5 0000
instruction, that turns on the brake and stops the drive.

Stage 52 provides a 0.5 second delay to allow the brake to fully release
before the main drive tries to put the machine into motion. This is
accomplished by using the timer TO that starts timing toward 0.5 seconds as
aoon as Stage 852 becomes active. After (.5 seconds, contaci T is turned on,
energizing the JMP S 0003 instruction to activate Stage 83, and to
deactivate Stage S§2. Timer TO is reset when Stage 82 iz deactivated.

Stage 53 makes the decision to go into run or jog operation, depending on
the on or off state of input X2, If X2 is on, a jump is made to Stage 54, If X2
is off, program execution jumps to Stage 55. In order to go intc continuous
Tun operation, the X2 run switch has to be pressed sither beforse the start
switch is pressed, or within 0.5 seconds afterwards. This reduces the
poszsibility of aceidentally selecting continuous run operation.

Stage 54 turns on output Y1, causing the main drive to run the machine
forward. Since there iz no contact to provide a transition condition out of
Stage 84, Y1 remaine on until the stop button is pressed and Stage 84 is
reset. Although using an QROUT Y1 instruction, instead of an QUT Y1
instruction, is not required in this case, it is a good practice to use QORQOUT
instruetions in Machine Stage programs (in case two stages with the same
sutput become active simultaneously).

Stage S5 makes the decision to jog the machine forward or backward, X3
is turned on, a jump 1s made to Stage 86. If X4 is on, the jump 13 made to
Stage 51Y.

Stage 56 energizes output Y1 and keeps it on until the jog forward switch
(X3) is released. When X3 is released, program execution jumps back to
Stage S0, that activates the brake and stops the machine,

Stage 57 ensergizes output Y2, that runs the machine in reverse, until the
jog reverse switch is released. When input X4 turns off, program execution
jumps back to Stage 50, that once again activates the brake and stops the

machine.
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7.4 Seven-Segment Display

This following example shows how either a Machine Stage program module,
or a relay ladder logic program, can display the current value of a counter
on four seven-segment displays (as illustrated in Figure 7-7). This
description of the operation applies equally te either method, s0 you can
follow the Machine Stage diagram in Figure 7-8, or the relay diagram in
Figure 7-10. Figure 7-9 is the Machine Stage program listing, and

Figure 7-11 is the RLL program listing.

Figure 7-7 Seven-Segment Display Example

Main instractions used:
+» SEG to convert a BCD number to a seven-segment digplay bit pattern

»  OUTF to move the bit pattern to the physical outputs

Program Operalion Each time X0 makes an off-to-on transition, the current value of counter
CT0, which is located in the V-memory location 1000 greater than the
counter number, mereases by one, This value in V1000 increments up to a
maxirnum of 9999, unless X1 is turned on te reset the counter to zero.
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Seven-Segment Display (continued)

LD . .
V1000 X0 _ ™
SEG K100
RST
OUTF — Y0 ' cTo
K3z

CTo

Figure 7-8 Seven-Segment Display (5Stage)

$ 0 ISG 5 0000

$ 2 LD vV 01000

$ 3 SEG

$ 4 OUTF Y 0000 K32
$ 6 STR X 0000

$ 1 SGCNT CT 000 Ko0100
$ 10 STR X 0001

$ 1 RST CT 000

$ 12 END

Figwe 7-9 Seven-Ssgment Display (Stage) Listing

The LD V 01000 instruction moves the current value of counter CT0 into
the accumulator, where the SEG instruction converts the Binary Coded
Decimal count into a bit pattern that corresponds to the segments of the
four seven-segment digplays needed to represent the count. If the current
count is 28, then the hit pattern in the accumulator after the SEG
instruction executes iy

00111111 00111111 01011011 011211111
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x0
L =— CNT '
X CNT: ETgo
PRE: K1
— b
X0 ! LD
— V1000 —
X1 4@5(3)——-«
d po ]
— OUTF = Yo 1 [}
K32
f-'"
_\J‘END}—H

Figure 7-10 Seven-Segment Display (RLL

$ 0 STR X 0000

F 1 STR X oo

$§ 2 CNT CT 000 KO0100
$§ b STR X 0000

$ 6 OR X 0001

$ 7 LD vV 01000

$ 8 BEG

$ 9 OUTF Y 0000 K32
$ 1 END

Figura 7-11 S5even-Sagment Display (RLL) Listing

The OUTF Y 0000 K32 instruction moves this 32-bit pattern to the image
register for YO through Y37, with the rightmost bit moving to Y0. Each 1in
the pattern turns on the correspending image register peint, and each 0
turns off its point.

At the end of each program scan, these image register values are output
through the first two 16-point output modules in the first base to four
seven-gsegment displays. Figure 7-7 shows how the display appears with a
eurrent value of 28 in counter CTO, and that cutput point is wired to each
display segment.
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75 High-Speed Count Subroutine (T1435 Only)

In this section, an example shows a segment of a Machine Stage program
that is uzed within a larger contrel program. This program module can be
used to count a batch of parts coming (by a sensor) at high speed, and can
check that the correct number of parts was in the bateh. By using a
subroutine, the count routine can act as a small program scan within the
larger program scan, enabling it to operate with a much faster response
time than the overall contrel pregram, You ean follow the example on the
Machine Stage diagram in Figure 7-12, and in the program listing in
Figure 7-18.

Main instructions used:

= GTS to Go To the Subroutine

* 5BR to indicate the start of the subroutine

* KT to return from the subroutine

» FOR/NEXT to define a lpoping operation within the subroutine

=  8TRI to immediately read an input without waiting for the program

scan to end
Part
Start Present
x0 X1 cTo 100
I o0z <
RST
cTO SBR K1 CTO 100
=
FOR
K3700
ASTWT
Part
Present = X
CTO K00
NEXT

Figure 7-12 High-Speed Count Subroufine

7-10 Application Examples SIMATIC TI405 User Manuai

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com



Stage 000
Operdtion

Stage 001
Operation

$ 0 ISG S 0000

$ 2 S5TR X 0000

$ 3 JMP 5 0001

$ 4 5G 5 0001

£ 6 STRI X 0001

$ 7 RST CT 000

$ B JMP S 0002

$ 9 585G 8 0002

$ 11 GTS K 0001

$ 18 JMP 5 0003

$ 14 SG 5 0003

$ 16 STRN CT 000 KO0100
$ 18 JMP s 0000

$ 19 STR CT 000 Ko0100
$ 21 JMP 5  ogom

$ 22 END

$ 23 SBR K 0001

$ 25 FOR K 3700

$ 27 RSTWT

$ 28 STRI X o001

$ 29 SGCNT CT 000 KO0100
$ 32 NEXT

$ 33 RT

Figure 7-13 High Speed Count Subroutine Program Listing

Stage S0 is the initial stage where execution starts. Nothing happens until
input X0 is turned on. Once X0 closes, program execution jumps to stage S1
and starts to watch for the first part in the batch to pass the proximity
awitch connected to X1.

Stage S1 containg a STRI X1 instruction, that is an immediate /O
instruction. Thiz means that, instead of only reading the state of X1 at the
beginning of each program scan and using the value stored in the image
register for the entire scan, the state of X1 is read from the input module
each time the STRI instruction is executed within the program. This allows
a faster response to the input signal. Once a part is sensed, the parts count
is reset by the RST CT0 instruction and execution jumps to Stage 52.
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High-Speed Count Subroutine (Ti435 Only) (continued)

Siage 002
Operation

Stage 003
Operglion

Stage 52 ealls the subroutine with a GTS K1 instruction. The subroutine,
following the END ingtruction in the program listing, consists of a
FOR/NEXT loop that executes 3700 times. This makes the subroutine run
for one second, since you want to count the number of parts that pags the
proximity switch for one second after the first part appears.

An RSTWT instruction is used to reget the watchdog timer every time the
FOR/NEXT loop executes. This is necessary since regular scans through the
main program are suspended while the FOR/NEXT loop ig executing, and a
software timeout occurs if the watchdog timer is not reset.

The STRI X1 ingtruction is used to tense the parts passing the proximity
switch and inerement counter CT0. The immediate input instruction is
required here becanse without it, the X1 input is not read until the current
scan ends, after all the parts to be counted have passed.

Program execution jumps to Stage S3 after the subroutine completes its
task. The two comparison contacts in this stage, control machine operation
depending upon how many parts were counted by the subroutine. The
STRN CT 000 K0100 ingtruction jumps program execution back to Stage S0
if fewer than 100 parts were counted. The machine then halts until the
aperatar finds out why the batch was short, and preases the start button
again. If 100 or more parts were counted, the STR CT 000 K0100
ingtruction transfers program execution back to Stage 81, where the
program waits until the first of the next batch of parts is sensed.
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7.6

MIU Operator Interface (T1435 Only)

The example in this section uses a FATTLT instruction to display a
machine-performance report message to the operator when pushbutton X0
is pressed, as shown in Fipure 7-14. Two versions of the program are shown.
One uses Machine Stage programming and the other uses TI405 relay
ladder logie with a subroutine. Either version gives the same result with
similar scan times.

Main instructions used:

» FAULT message with embedded variables.

«  HTA hex to ASCII conversion,

*»  MOVMC to move V-memory to program memory.
+«  SBR subroutine to reduce scan time.

+  DLBL storage with ACON and NCON,

+ BCD Math and Aceumulator instructions.

%

*OUTPUT 18 AT 298 %
b 1?7 E % 43210 7 65 432140

Figure 7-14 Massage Displayed on the MIU

In both programs, the PLC scans and waits until X0 is closed. Once this
happens, the Machine Stage program transitions to Stage 1, and displays
the message, The relay ladder logic program branches to its subroutine and
performs the same operations. Both programs continue to execute the math
instructions, and show an inereased secan time, until X0 is released. The
following discussion of the program applies to either version, and may be
followed in the Stage diagram in Figure 7-15, or in the ladder diagram in
Figare 7-17.
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MIU Operator Interface (T1435 Only) (continued)

7-14

Application Exarmples

LD
V5000 DLEL K1
I
8co —— AGON —
—— SUBD — AOU
KO0006400 T
, —— ACON —
DIV ATE
K256 T
— —— ACON —
ouUT AUT
V6000 ,
T —— NCON —
LD K2020
K1 T
T T ACOMN —]
LDA AlS
06000 ,
I —— NCON —
HTA K2020
V7000 T
. —— ACON ——-
LDA AAT
o1 T
, —— NCON ——
LDA K2020
1 T
DI 0 —— NCON ™
LDA KOO0D
: 0 e NGON ——
—— MOVMC — K2025
K1
T
—— FAULT —
K1
Figure 7-18 MiU Operator Interface (Slage)
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The parformance of the machine is gauged by a number in memory location
V5000 that can range from 6400 to 32000; 6400 iz considered to be 0 percent
output and 32000 is 100 percent output. Before you can do any caleulations,
the performance number must first be loaded into the accumulator. The

LD V 05000 instruction moves the binary value that can range from 0 to
TCFF, into the acenmulator. TCFF is the hexadecimal number that is stored
in V-Memory to represent a value of 31999, or 99% of full output. The BCD
instruction is then used to convert the binary number into a Binary Coded
Decimal number for use with the math instructions.

Use the SUBD K 00006400 instruction to subtract 6400 from the
accumulatoer in order to remove the offset from zero, since 6400 is equal to
zero percent. output. Divide the number in the accumulator by 256 with a
DIV E 0256 to scale the performance value to a percentage betwaen { and
49, The OUT V 06000 instruction moves this result from the accumulator to
memory location V6000,

A percentage is now stored in V6000, but the number is in BCD format. It
must be converted into ASCII characters before it can be displayed on the
MIU. Uze the instruetion sequence LD K 0001, LDA O 06000 and

HTAV 07000 to convert it. This sequence specifieg that one word of hex data
located at VG000 is converted to ASCII characters and stored starting at

V7000.
X0 K1
II CGTS)——U
I CEnD—
Figure 7-16 MIiU Operator Interface (RLL
Main Program Segment
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MIU Operator Interface (11435 Only) (continued)

X0 : LD
| }— V5000

_{'_‘ BCD _l—"

—— susp ~—
— KO0006400

T
piv —

——— OUT —
V6000

06000

—— HTA
V7000

LDA
oo

LDA —

— MOVMC —
K1

T
FAULT — ]
K1

L (rm)—3

Figure 7-17 MIU Operator Interface (RLL—Subroutine Segrment
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== AGON ==
DLEL K1 AOU -

|
— ACON —
ATP
I
—— ACON —
AUT —%

T
[‘“‘_ NCON ™
2020

1
—— ACON —

A ls ]

T
[ NCON — ]
K2020

]
— ACON — ]
AAT

T
— NCON ==
K2020

T
[ NCON — |
K000

|
M NCON —
K2025

Figure 7-17 MIU Operalor inlerface (RLL) (confinued)

Now that the percentage is converted to ASCII, move it from V-memory into
a DLBL storage area in program memory where it ean be displayed by the
FAULT instruction using the MOVMC. The three LDA instructions that
precede it set up the move. The LDA O 00001 means that one word of data
is moved. The LDA O 00010 speeifies that the move is made at an offset of
eight (octal 10) into a table of values, In this case, the move is being made
into DLBL K1. If you look at the boxes under the DLBL in either of the
figures, and start counting from zero with the first ACON A OU, you see
that number eight iz an NCON K 0000, This numeric constant instruction
has been programmed with zeros sinee it is overwritten by the performance
percentage from V-memory,
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MIU Operator Interface (TI435 Only) (continued)

The LDA O 06770 loads the starting address of the source data table. The
number that we want to move is at location V7000, but since the offset is
fixed by the location that we want to move mto following the DLBL, we
have to back up eight locations (10 octal) to make the MOVMC move the
value that we want. None of the values that precede V7000 is affected by
this; we are using this method to save memory by not storing the entire
message in V-memory and moving it all to get the one location that we want.
The MOVMC K 0001 instruction actually makes the transfer to DLBL K1.

£ 0 ISG S 0000
$ 2 STR X 0000
$ 3 JMF 5 0001
$ 4 sSG 8 000
$ 6 LD vV 05000
4 17 BCD

$ 8 SUBD K 00006400
$ 10 DIV E 0256
$ 11 OUT vV 06000
$ 12 LD K 0001
$ 13 LDA O 06000
$ 14 HTA vV 07000
$ 16 LDA O 00001
$ 17 LDA 0O 006010
$ 18 LDA 0O 06770
$ 19 MOVMC K 0001
$ 21 FAULT K 0001
$ 23 STRN X 0000
$ 24 JMP 8 0000
$ 25 END

$ 26 DLEL K 0001
$ 28 ACON A 00U

$ 29 ACON A TP

$ 30 ACON A UT

$ 31 NCON K 2020
$ 32 ACON A IS

$ 33 NCON K 2020
$ 34 ACON A AT

$ 85 NCON K 2020
$ 36 NCON K 0000
$ 37 NCON K 2025

Figure 7-18 MIU Operator Inferface (Stage) Listing
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The FAULT K 0001 instruction then displays the eharacters from DLBELK 1
on the MITJ. The ACON instructions each hold two ASCII characters, so the
firat three combine to spell OUTPUT, The NCON instructions hold ASCII
codes for characters that are not on the MIU keyboard. NCON K 2020
canses two spaces (ASCIT 20) to be displayed, and NCON K 2025 displays a
space and a percent sign (ASCII 25). The complete display, as shown in
Figure 7-14 is seen if a value of 7CFF is placed in memory loeation V5000,

and X0 is closed.
$ 0 STR X 0000
$ 1 GTS K 0001
$ 3 END
$ 4 SBR K 0001
$ 6 STR X 0000
$ 7 LD vV 05000
$ 8 BCD
g 0 SUBRD K 00006400
$ 11 DIV K 0256
$ 12 QUT vV 06000
$ 13 LD K 0001
$ 14 LDA O 06000
$ 15 HTA vV 07000
$ 17 LDhA 0O 00001
$ 18 LDA O 00010
$ 19 LDA O 06770
$ 20 MOVMC K 0001
$ 22 FAULT K 0001
$ 24 RT
$ 25 DLBL K 00601
$ 27 ACON A OU
$ 28 ACON A TP
$ 29 ACON A UT
$ 30 NCON K 2020
$ 31 ACON A IS
$ 32 NCON K 2020
$ 33 ACON A AT
$ 34 NCON K 2020
$ 35 NCON K 0000
$ 36 NCON K 2025

Figure 7-19 MV Operdior Interface (RLL) Listing
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8.1 input Contacts

An X correzsponds to a point in the discrete image register. When the image
register point is on (high, elosed, or = 1) the X is on. When the image
register point is off (law, open, or = 0) the X is off. Xs are indicated in the

RLL program by the normally open contact —| }— or by the narmally closed
contact —,'/r— See Figure 8-1.

Figure 8-1 The X Format

The n 15 the reference number and refers to the image register point that
corresponds to the contact. The range of n is octal 0-477. To enter an X
using the MIU, you press followed by the octal reference number.

X Operation: The X contact on the RLL rung represents a field device, for
example, a himit switch.

*  When the field device tums on, the image register point assigned to
that device is set to 1 before starting the next scan, and the X normally
open contact is closed. This completes the cireuit to the next instruction
on the RLL rung.

*  When the field device turns off, the image register point is cleared to 0
before starting the next scan, and the normally open contact is opened.
This opens the circuit to the next instruction, but it is not executed.

»  The normally closed X contact in an RLL program’s state is opposite

that of the image register point. That is, if the image register point is {,
for example, the normally closed X contact is on.
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8.2

Qutput Coils

AY gorresponds to a point in the discrete imape register. When the Y iz on
(high, closed, or = 1), the image register point is set { = 1), When the Y iz off
(low, open, or = 0), the image register point iz cleared (= 0), Y3 are indicated

in the RLL program by the normally epen coil ~{ ) or contact —| }—. See
Figuare 8-2,

Yn Yn J
|| (o)
\ouT) I

Figure 8-2 The Y Format

The n is the reference number and refers to the image register point that
corresponds to the contact or coil. The range of n is octal 0-477. Toentera Y
using the MIU, you press followed by the octal reference number.

Y Operation: The Y coil on the RLL rung represents a field device, for
example, a pilot light.

&  When the Y coil turns on, the image register point referenced by that Y
is set to 1, and the field device is turned on at the end of the scan,

*  When the Y coil turns off, the image register point referenced by that Y
is cleared to 0 during the next scan, and the field device is turned off at
the end of the scan.

* A contact can be designated az a Y, The status of a Y contact is
determined by the status of the Y output coll having the same reference
number as the Y contact.
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8.3 Control Relays

Control relays are internal memory locations and do not represent actual
hard-wired field devices. A C represents a point in the control relay image
register. When the image register point is on (high, closed, or = 1)the C 1z
on. When the image register point is off (low, open, or = 0) the C is off. Cs
are indicated in the RLL program by the normally apen coil — )} or

contact — |- or by the normally closed contact —}f—, See Figure 8-3.

Cn Cn
[ ouT

Figure 8-3 The C Format

The n is the reference number and refers to the image register point that
correspends to the contrel relay. The range of n iz octal 0-737 giving you

access to 480 control relays. To enter a C using the MIU, you press

followed by the octal reference number.

C Operation: The control relay is used to provide control for other RLL
ingtructions. When used as a contact, the control relay functions as follows,

s  When the image register point correspondmyg to a C ia set to 1, the C
normally open eontact is closed. This completes the circuit to the next
instruction on the RLL rung.

*  When the image register point corresponding to a C is cleared to 0, the
C normally open contact is opened. This opens the circuit to the next
instruction, but it is not executed.

When used as a coil the control relay functions as follows.

«  When the C coil is turned on, the imape register point corresponding to

the Cis set to 1.
s When the C coil is turned off, the image register point corresponding to
the C iz cleared 10 0.
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8.4 Immediate inputs

Normally, all input relays ars read and the image register is updated at the
beginning of the CPU scan cycie, as shown in Figure 8-4. Immediate inputs
are a special form of the X input relay, Their state is read during the RLL
Program Execution phase of the scan ¢ycle rather than waiting until the
end of the scan. Reading an immediate input does not update the image
register.

Image Register update for Inputs

RLL Program Execution

Image Register update for Quiputs

Communication and internal
diagnostcs

Figure 8-4 CPU 5can Cycle

An immediate input is represented by the normally open contact —{J|—
symbol and the normally closed contact —| I/ |—symbol. Figure 8-5 shows an
example of normally open and normally closed immediate input contacts.
After pressing the operation key, you may enter a normally open immediate

input with the MITJ, To do s0, press 0 (ewer 1 followed by the
octa) input reference number.

I} (om)—rt
x2 Y10
1/ (oo )——

Figure 8-5  Immadicte Input Examples
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85

immediate Outputs

8-6

Immediate outputs are a special form of Y ontput eoils. You can shorten the
time it takes to update an output by using an immediate instruction,
because immediate outputs do not update the image register. The
immediate instructions cause the single output point to be read and updated
during the RLL Program Execution phase of the scan cycle. An immediate
output is represented by the —(oun)—+ symbol, as shown in Figure 8-6. To
enter a normally open immediate output with the MIU, after pressing the
operation key, press [saer] (1 (zner] followed by the octal input
reference number,

Figure 8-6 Immediate Output Example
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8.6 Special Relays

Special relays are internal discrets points that are set and reset by the CPU
depending on certain operating conditions. You ean use these relays in your
RLL program to time functions, alert you to diagnostic conditions, ete. SPs

are indicated in the RLL program by the normally open contact — |—or
by the normally closed contact —F—. See Figure 8-7.

SPn

I Cour )
our

Figure 8-7 Special Relay Example

The n is the reference number and refers to the image register point that
corresponds to the relay. The range of n is octal 0137 and 320-617. To
enter an SP using the MIU, you press followed by the octal reference
numbher.

SP000 This Special relay is on if this is the first scan afier the
CPU iz reset, It is reset on the second scan.

SPOO1 Normally On. You can uge this special relay when you need a
condition to always be true.

Clock Realays The special clock relays cyele on and off once for the specified time period.
SPGO3 1-minute clock—Duration is 30 seconds on, 30 seconds off.
SP004 1-second clock—Duration iz 0.5 seconds on, 0.5 seconds off.
SP00S 100 millisecond clock—Duration is 50 milliseconds on, 50 off,
SP006 50 millisecond clock—Duration iz 26 milliseconds on, 24 off.
SPO07 Scan clock—SP007 is energized on alternate scans.
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5peclal Relays (continued)

CPU Status Relays These Special relays provide an indication of the CPU status.

SPO Forced running state—SP011 is on when the CPU is switched to
the RUN mode using the keyswitch. Otherwiss, it is off.

SP012 TERM RUN state—SP012 is on when the CPU is set to the RUN
mode when the keyswitch is set to TERM. Otherwisas, it is off.

SPO13 TEST RUN state—SP013 is on when the CPU is set to TEST RUN
mode. Otherwise, it i3 off.

SP015 TEST PGM state—SP015 is on when the CPU is set to TEST PGM
mode. Otherwise, it is off.

SPO16 TERM P(GM state—SP016 is on when the CPU is set to the PGM
mode when the keyswitch is set to TERM, Otherwise, it 1s off.

SPOM7 Forced STOP state—SP017 is on when the CPU is switched to
the sTOF mode using the keyswitch. Otherwise, it is off.

SPO20 PGM ralay-—SP020 is on when the CP1T 15 in the PGM mode.
Otherwise, it is off.

sSPo22 Interrupt enable relay—SP022 is on when the hardware
interrupts are enabled with the ENT instruction. It is off when
the hardware interrupts are disabled with the DISI instruction.

SP025 CPU battery disabled—SP025 is on if CPU dipswitch 1 is on,
disabling the CPU battery. The relay is off if dipswitch 1 is off.

SP026 Disable YO update (TI435 only)—SP026 is on when 1/Q) updating
is disabled. Otherwise, it is off.

SPO2T Disable /O update (T1435 only)—Disable /O update to modules
with missing terminal strips, SP027 is on when updating iz
disabled. Otherwise, it 15 off.

SP030 Dipswitch 1 status—SP080 is on if CPU dipswitch 1 is on.
5P031 Dipswitch 2 status—SP031 is on if CPU dipawitch 2 is on.
SPoaz Dipswitch 3 status—SP032 iz on if CPU dipswitch 3 is on.

5P033 Dipswitch 4 status—SP033 is on if CPUJ dipswiteh 4 is on.
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Systern Check Thess Special relays provide an indication of the system status.

Relays
5P040

5P041

SP043

SP044

SP0as

SP046

5P047

3P050

5P051

5P052

SIMATIC: TI405 User Manual

Critical error relay—SP040 is on when a critical srror such az a
migging /O module terminal strip is detected. Otherwise, it is

off.

Non-critical error relay—S3P041 is on when a non-critical error
such as a low CPU battery is detected. Otherwise, it is off.

Battery low relay—SP043 is on when the CPU or Memory
Cartridge backup battery falls below 3 volts or is missing. You
can use this relay to display a message to the operator to replace
the battery. The specific error code is stored at V7757.
Otherwise, it is off.

Memory error relay—SP044 is on when an error is detected in
memory that could be an invalid instruction, a missing or failed
Memory Cartridge, or a memory parity error. The specific error
code is stored at V7755. Otherwise, it is off.

I/O etror relay—SP045 is on when an /O error is detected. This
could be a missing terminal block, a migsing I/0 module, a
blown fuse, a different I/0 configuration, or several other
conditions, The specific error code is stored in either V7755 or
V7756, Otherwise, it is off.

Communications ermror relay—SP046 iz on when a
communications error is detected. The specific error code is
atored at V7756. Otherwise, it iz off,

I/O configuration error relay—SP047 is on when an 1O
configuration error is detected. Otherwise, it is off.

External diagnostic instruction (EDI) relay—SP050 15 on when the
FAULT instruction is executed. Otherwise, it iz off.

Arithmetic time out relay—SP051 is on when the arithmetic
operation has timed out. Ctherwise, it is off.

Syntax error relay—SP052 iz on when the CPU encounters

an instruction that iz syntactically incorrect. Otherwise, it is off.
The syntax error is detected gither while the CPU is in RUN
mode or as a result of requesting a program check with AUX 21.
The specific error code is stored at V7755.
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Special Relays (continued)

S5P056 Table ovarrun relay—SP056 is on if the operand in a table
instruction specifies an address outside the range of the table.
Otherwise, it is off,

Accumuictor These Special relays indicate the results of arithmetic and logical operations
Relays that are performed with the accumulator.

SP053 Arithmetic error flag—SP053 is on when the value of the operand
is preater than the operation ¢an work with,

SP0&0 Less than flag—SP060 is on when the value in the accumulator
is less than the operand value.

SPO61 Equal to flag—8P061 is on when the value in the accumulator is
equal to the operand value.

SP0O62 Greater than flag—SP0O62 is on when the value in the
accumulator is greater than the operand value,

SP0B3 Zero flag—SP063 is on when the operation causes the value in
the accumnlator to be zero.

SPos4 Hati-borrow flag—SP064 is on when the 16-bit arithmetic
subtraction operation results in a borrow because the operand
was larger than the accumulator value,

SP065 Borrow flag—SP065 is on when the 32-bit arithmetic subtraction
operation results in a borrow because the operand was larger
than the accumulator value,

SPO066 Hal-carry lag—SP066 is on when the 16-bit arithmetic addition
operation results in a carry because the sum of the operand and
the aceumulatar is larger than 65,535.

SPo67 Carry flag—SP067 is on when the 32-bit arithmetic addition
operation results in a carry because the sum of the operand and
the accumulator is larger than 4,294,967,293.

8SPO70 Sign flag—SP070 is on when the results of the arithmetic or
logical operation cause the accumulator’s value to be negative.
8P07( iz off when the results cause the aceumulator’s value to

be pogitive.

SPO73 Overflow—SP073 is on when a signed addition or subtraction
produces a result with an incorrect sign bit.
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SPOTS Data error—EP075 is on when a BCD instruaction is performed
and the accumulator does not contain valid BCD digits.
Otherwise, it is off.

SPO78 Read flag—SP076 is on when the value loaded into the
accummulator, by any of the load instructions, is zero. Otherwise,

it is off.
Data These special relays indicate the status of data communication modules in
Communications any of the CPU base slots.
Relays

SP120 Base number (/Slot number 0. SP120 iz on when the DCM,
Base 0/Slot 0, i3 transmitting. Otherwise, it 1z off.

SP121 Base number (/Slot number 0. SP121 is on when a transmission
error iz detected by the DCM in Base 0/Slot 0. Otherwise, it is
off.

spi2e Base number (/Slot number 1. SP122 is on when the DCM, in
Base (/Slot 1, is transmitting, Otherwise, it is off.

SP123 Base number 0/5lot number 1. 8P123 is on when a trangsmission
error is detected hy the DCM in Base 0/Slot 1. Otherwise, it is
off.

SP124 Base number 0/Slot number 2. SP124 is on when the DCM, in
Base 0/5lo1 2, is transmitting, Otherwise, it is off.

SP125 Base number (/Slot number 2. SP125 is on when a transmission
error is detected by the DCM in Base 0/Slot 2. Otherwige, it is
off.

EP126 Base number (/Slot number 3. SP126 is on when the DCM, in
Base 0/Slot 3, is transmitting. Otherwise, it is off.

5P127 Base number (/Slot number 3. SP127 is on when a transmission
error i3 detected by the DCM in Base 0/Slot 3. Otherwise, it is
off.

S5P130 Base number (/51ot number 4. SP130 is on when the DCM, in
Base 0/5lot 4, is transmitting. Otherwise, it is off.

SP131 Base number (/Slot number 4, SP131 is on when a transmaission
error is datected by the DCM in Base 0/8]lot 4. Otherwise, it is
off.
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Special Relays (continued)

8-12

sP132

SP133

SP134

EP135

5P135

5P137

5P320-
sSPe17

Instruction Oparands

Base number 0/Slot number 5. SP132 is on when the DCM, in
Bage (/Slot 5, is transmitting. Otherwise, it is off.

Base number (/Slot number 5. SP133 is on when a tranamission
error is detected by the DCM in Base 0/Slat 5. Otherwise, it is
off.

Base number (/Slet number &. SP134 is on when the DCM, in
Base 0/5lot 6, is transmitting. Otherwise, it is off,

Base number (/Slot number 6. SP135 15 on when a transmission
error is detected by the DCM in Base 0/Slot 6. Otherwise, it is
off.

Base number (/Slot number 7. SP136 is on when the DCM, in
Base 0/Slot 7, is transmitting. Otherwise, it is off,

Base number (/Slot number 7. 3P137 is on when a transmission
error is detected by the DCM in Base (/Slot 7. Otherwise, it is
off.

SP320 through SP617 are currently disabled.
Their functions are reserved for future enhancements,
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8.7

Timer Relays

Timer relays are internal discrete points that are set when the associated
timer has timed-out. Timer relays are indicated in the RLL program by the

normally apen contact — |— or by the normally closed contact —F—. See
Figure 8-8.

Figure 8-8 Timer Relay Exarnple

In the figure, the n iz the reference number for the image register point
corresponding to the relay. The range of n is octal 0—177. To enter a timer
relay using the MIU, press [f#g]) and the octal reference number. You may
also specify a different preset with the timer relay. A timer relay with a
preset turns on when the timer current value equals that preset, and
remains on until the timer is reset. The X is the constant value for the
preset.
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8.8 Counter Relays

Counter relays are internal discrete points that are set when the associated
counter has counted to its preset value. Counter relays are indicated in the

RLL program by the normally open contact — |— or by the normally closed
contact —f—, See Figure 8-9.

Figure 8-2 Counter Relay Example

The n is the reference number and refers to the image register point that
corresponds to the relay. The range of n is octal 0~177. To enter a counter
relay using the MITJ, yon press and the octal reference number. You
may alsa specify a different preset with the counter relay. A counter relay
with a preset turns on when the counter eurrent value equals that preset,
and remains on until the counter is reset, The x is the constant for the
preset.

8-14  Ingtiuction Operands SIMATIC TI405 User Manucal

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com



8.9

V-Memory Pointers

Some of the TI405 instructions accept a V-Memory pointer as an operand.
Rather than using the contents of the V-Memory in the operation, the CPU
uses the contents of the V-Memeory address contained in the V-Memory
pointer.

For example, the OUT instruction accepts a V-Memory pointer as its
operand, as shown in Figure 8-10. In this example, V-Memory location,
V2142, is used as a pointer. Its contents, 3247, represent the actual location
of where the low order 16 bits of the accumulator are stored: V3247,

P Example
x2 —— OUT ——

“_-‘{ 4_ pP2142 —% Atcumulator ' 0000 | 1212 I

P2142

V2142 vaza7

Figure 8-10 V-Memory Pointer Example

To enter a pointer reference using the MIU, press followed by the
V-memory pointer address.

Koy Sequeance
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8.10 Indirect Addressing
Overview Indirect Addressing uses the P operand as a Voumemory pointer. Instructions

LD, LDD, OUT, and OUTD supported indirect addressing (P operand) on
previous firmmware releases for the TI425 and TI435. These four instructions
continue to support indirect addressing with T1425 CPU V2,1 and T1435
CPU V2.1. Additionally, indirect addressing iz expanded on the TI435 to
inclade the following instructions:

LD LoaD aceunmulator with word

LoD LoaD} accumulatoer with Double word

ouT OUTput accumulator right-mest word

oUTD OUTput accumulator Double word

STR SToRe greater than or equal

STEN SToRe less thaN

AND AND greater than or equal

ANDN AND less thaN

OR OR greater than or equal

ORN OR less thaN

STRE STeRe Equal

STRENE  SToRe Not Equal

ANDE AND Equal

ANDNE AND Not Equal

ORE OR Eqgual

ORNE OR Not Equal

TMR TiMeR

TMRF TiMeR Fast

TMRA TiMeR Accumulating

TMRAF TiMeR Accumulating Fast

CNT CouNTer

SGCNT  StaGe CouliTer

uUDC Up/Down Counter

LDX LoaD accumulater indeXed

OUTX OUTput accumulator indeXed

ADD ADD

ADDD ADD Double

S5UB SUBtract

SUBD SUBtract Double

MUL MULtiply

DIV DIVide

ADDB ADD Binary

ADDEBD  ADY Binary Double

SUBB  SUBtract Binary

SUBBD  SUBtract Binary Double

MULB MULtiply Binary

DIVE DIVide Binary

AND AND accumulator with word

ANDD AND accumulator with Double word

OR OR accumulator with word

ORD OR accumulator with Double word

XOR eXclusive OR accumulator with word

XORD eXclusive OR accumulator with Double word
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CMP CoMPare accumulator with Single word

CMFPD CoMPare accumulator with Double word
INC INCrement
DEC DECrement
INCB INCrement Binary
DECE DECrement. Binary
MOV MOVe table
FILL FILL V-memory table
RX Read data from network
WX Write data to network
Emror Flag An error flag, SP71, is available with TI425 CPU V2.1 and TI435 CPU V2.1
to indicate improper indirect addressing. This flag is affected by each
instruction that uses a P operand. If the P operand points to a valid V
location, SP71 is turned off. However, if the V-mexnory location pointed to by
the P operand is not valid, SP71 is turned on.
For exampie, if a LD P1000 is used in a RLL program, changes in the value
stored in V1000 create changes in SP71. See Table 8-1.
Table 8-1 Volues of Contenis of V1000
Contents of V1000 Octal Specified
(hexadecimal) | Equivalent Register Resuli | BP71
9000 1] Vo OK OFF
028C 1284 Vi234 not valid ON
4180 40600 V40800 0K OFF
5000 50000 V506000 not valid ON
You can use SP71, following each indirect addressing mstruaetion, to take an
action if improper indirect addressing occurs. Figure 8-11 shows S5P71 used
to stop execution of the user program if an error is detected.
_ ] i ]
SP71 ;1000
| | (srop)
1002580
Figure 8-11 Stopping Program Execution if Eror Defeched
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Chapter 9
High-Speed Boolean Instructions

1 -2
1 9-2
AN e e e e -3
R o e e e e e e 9-3
AN DN e e e e e e 9-4
0 9-4
AND BT R o e e i -5
R TR L e e i e 9-4
10 S %-7
0 I -8
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9-2

High-5peed Boolean Instructions

Store (STR) begins a new line of logic. The on/off state of the STR contact is
the same as the state of its associated image register point.

Key Sequence
Lour Jbwounll 7 [ ey

Valid Data Types: XY C S8 TCT SP and GX

Store NOT (S8TRN) begins a new line of logic. The on/off state of the STEN
contact is opposite the state of its associated image register point.

xz Y?
four
I .
Key Saquence
lem linot IEwatl 2 [ ewT]
Lout Iovnil 7 f[ Bny )

Valid Data Types: XY, C, B8 TCT 8P and GX
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AND (AND) connects two logic elements in series. The on/off state of the
contact following the AND is the same as the state of its associated image

regster point.

AND

| | [ | {:omz)

Koy Sequence
Cano_] e e Coan
Cour fhgowpd [ 7 1 e |

Valid Data Types: XY C, 5 T CT, SF, and GX

OR OR (OR) connects two logic elements in parallel. The on/off state of the
contact following the OR i3 the same as the state of its associated image

register point.

Y7
[ (OUD—Q

X6

Key Sequance
[or 1Cxmn [ o 1 o7
[our VGl [ 7 ) Cewt ]

Valid Data Types: XY C, 81T CLSEGX
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ANDN

ORN

-4

High-Spaed Boolean Instructions

AND NOT (ANDN) connects two logic elements in series. The on/off state of
the contact following the ANDN is opposite the state of its associated image

register point.

— o

Key Sequance

Cefe ) i) T2 1 ea ]

Lo |lwor Floams |l ¢ 1| ENT ]
Lowy jbhormif 7 [ mdr )

Valid Data Types: XY C S5 TCT SP and GX

OR NOT (ORN) connects two logic elements in paraliel. The on/off state of
the contact following the ORN is opposite the state of its associated image

register point.

Y7
] o

Key Sequence

Lam lixmn il 2 [l o]

[or || wor ]ixma |l s [ =7 |
{oyr Ibwimi[ 7 (e ]

Valid Data Types: XY C 5 T CT 5F and GX
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AND 5TR AND Store (AND STR) connects two groups of logie elements in series. Each
group must begin with an STR instruction.

Y7
gAY (D1

Key Sequence
(am ilxenll 2 ][ eny]
LarR Jlxme il & []ewr]
Log Jixmp Il & |[mr]
Lano ] amh || gnr ]
[our | prosmnl[_7 ][ enr]

Valid Data Types: None
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OR 5TR

OR Store (OR STR) connects two groups of logic elements in parallel. Each
group must bagin with a STR instruction.

Y7
I {om  N—

X6

Key Sequance
Con ) Dt | {enr ]
[our Thiovni | 7 [ v §

Valid Data Types:

9-6 High-8paad Boolean Instructions
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Out (OUT) ends a line of logic. The on/off state of the corresponding image

our
register point is updated when the instruction is executed. If the same point
iz used as an output more than once in a program, the state of the last
occurrence of that output is the state that is written to the physical output
point at the end of the scan.
X2 Y7
[ { DLIT)__4
i AN '
Y10
Lo OUT )_1.
Key Sequence
(era lixmndl 2 |[mr)
[our J il v | [ ey ]
Lowr Jiviovnl[ 1 ][ o ([ ewr]}
Valid Data Types: XY C GX
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QR OUT OR OUT (OR OUT) ends a line of logic, The on/off state of the corresponding
image register point iz updated when this instruetion is executed. If the
same point 1s used as an output more than once in a program, the outputs
are congidered to be ORed together, so that an inactive eccurrence of an
output later in the program scan will not override an active accurrence.

Y7
-(oro)—y

\()
_@noub—q-

X3

Koy Sequence
Coma ] (X 10 2" (o ]

Cor 1 Cour | bEEim) 7 Cent )
(i | Cxnr 10 2 1P ENT]

[Con | ooy Jhioom[ 7 [ enr]

Valid Data Types: X Y. C, and GX
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Chapter 10
Comparative Boolean Instructions

S RE ot e e e 10-2
R it i e e e e 10-2
AN e e i 10-3
] = 10-3
0 10-4
AN DINE L . e e e 10-4
4 1 10-5
00 10-5
Y 10-6
] 1 10-6
RN it e e e e e e 10-7
F i | B 10-7
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ORE

10-2

Store Equal (STRE) begins a new hne of logic. The contact turns on when
the first V-memory value is equal to the second value.

Key Seguence

[awe jlaner]f & |

lawer Il J1 1 J[ o Jigeomdi = 1[ o 1wy ]
lour 1wl (7 | ]

Valid Data Types: First value V
Second value Vand K

OR Equal (ORE) connects this contact in parallel with another. The contact
turns on when the first V-memory value ig equal to the second value.

X2 v7

} I —COUTD '

Vi3 vi4

| = |
b

Key Sequence

{Con Jleher] £ |

T | MR | T | I | 2 | | e | =
Cour Thmutg 7 (e ]

Valid Dats Types: First value V
Second value Vand K
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ANDE

STRNE

AND Equal (ANDE) connects this contact in series with another, The
contact turns on when the first V-memeory valae is equal to the second value.

] = | o

Key Sequence
Cam ] [xme 2 3 (G971
Cour 1 feounl (71 (]

Valid Data Types: First value V
Second value Vand K

Store Not Equal (STRNE) begins a new line of logic, The contact turns on
when the firat V-memory value is not egual to the second value.

J VI7 V20 Y7
| | Cout )
Iﬂ: - \H‘OUT#J

Key Sequence

[sm ][ wor |[spey ][ E )

] Cy I 1 JCY 12 e 1Mew]
Lour |becwrnl[_ 7 |1 g ]

Valid Data Types: First value V
Second value V and K
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ORNE OR NOT Egual (ORNE) connects this contact in parallel with another. The
contact turns on when the first V-memory value is not equal to the second
value. '

l xz Y7

K6
| |
1=~
Key Sequence
ConJimov i{shrril £ |
e ]y IG5 KEed e ) {ewr]
[our ] T
Valid Data Types: First value V
Second value Vand K
ANDNE AND NOT Equal (ANDNE) conneets this contact in series with another, The
contact turns on when the first V-memory value is not equai to the second
value,
X2 V21 V3R Y7

I | « =1 g

i I = i \HDLIT
Key Seguence
(= 10xmnd[ "z 1 ENT]
(Ao | {nov |[sHeT|f & |
ety 02 J0 s v 151 e Jler]
[our el [ 7 1l ent]
Valid Data Types: First value V

Second value Vand K
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STR Store Greater Than or Equal (STR) begins a new line of logic. The contact

turns on when the first value is greater than or equal to the second value.

TO  KEQ Y7
2| . ("
= f \EDUT

Key Sequence

[our 1 frevm) {77 Cenr |

Valid Dats Types: First value T, CT, V (1400-41027)

Second value Vand K

OR OR Greater Than or Equal (OR) connects this contact in parallel with

another, The contact turns on when the first value is greater than or equal

to the second value.

X2 Y7
T l I (:OUT R |
VDo Veoo

l}—{ - }__

Key Sequence

lop v A0 (o (e 10 % FEsNi[ ¢ [ o J[ o J[ o Ilenr]

lour Jounil 7 1[evr]

Valid Data Types: First value T, CT, V {1400-41027)

Second value Vand K
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AND

10-4

Comparative Boolean Instructions

AND Greater Than or Equal (AND) conneets this contact in series with
another, The contact turns on when the first value is greater than or equal

to the second value,

X2  CT2 viz
| | oz |

=

| | p

Key Sequence
(o lixmell_z_1[ o]
lour |bovnll 7 )l et

Valid Data Types: First value T, CT, V (1400-41027)
Second value VK

Store Less Than (STRN) begms a new line of logic. The contact turns on
when the first value is less than the second value.

Té K42 Y7
I I ( out
| = ="
Key Sequence
Lour Jtwovnd | 7 1{ BNT |
Valid Data Types: First value T, CT, V (1400-41027)
Second value V.K
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OR Less Than (ORN) connects this contact in parallel with another. The

ORN
eontact turns on when the first value is less than the second value,
Xz Y7
|| (" DUT>—<
| ! . f
CTe Viom

.>__[ < |_._l

Key Sequence

Lame Jixma L 2 T{or ]

[op J[wor Jlesy Il s JU v 1 3 J o JL o JL 1 jlenr]

Cout 1 ol | T } .

Valid Data Types: First value T, CT, V (1400-41027)

Second value V. K
ANDN AND Less Than (ANDN) connects this centact in series with another. The

contact turns on when the first value is less than the second value,

J X2 V2700 K60 Y7

| | [ . | (our

{ 1 | = .

Key Sequence

[am Jixon [ 2 ]l g7l

Camwo j[wer 1 v 32 JC 72 1o JT e JEksodl s 1O e J0ENT)

Covr Jhedoumd [ 7 1 Enr 1 ' '

Valid Data Types: First value T, CT, V {1400-41027)

Second value V.K
SIMATIC: TIA05 User Manual Comparative Booledan Inshuctions 10-7
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Chapter 11
Immediate Instructions

R 1PN 11-2
] 1-2
0 11-3
L 11-4
AN D e e e 11-4
I | 11-5
00 1 11-5
L0 1 0 L 1 11-4
21 | 11-7
1 1 P 11-7
L L O oY 11-8
OUTIF (TS NIy o e i e et sttt ettt aae i a e annenan 11-9
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STRNI

11-2

Store Immediate (STRI) begins a new line of logic. The on/off state of the
STRI contact is the same as the state of its physical input point, which is
read immediately, not at the end of the scan.

X2 ¥7
Tl o)
L —oT)

Key Sequence

Camn_ | faney | Gner ] Cxmn 1 27 10enT ]

[out || 7 | ey ]

Valid Data Types: X

Store NOT Immediate (STRNI) begins a new line of logic. The on/off state of
the STRNI contact iz opposite the state of its physical input peint, which is
read immediately, not at the end of the scan.

l II/E_ Cour

|

Key Sequence
Lour |own|l 7. il ey |

Valid Data Types; X

Immediate Instructions SIMATIC: TI405 User Mantal
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ORI OR Immediate (ORI) connects two logical elements in parallel. The an/off
state of the contact following the ORI is the same as the state of ity physical
input point, which is read immediately, not at the end of the scan.

Y7

0—' l (DUT;\/‘ »

Key Sequence

Lom Jixan [ 2 ][ enr]

Lon Honrr 1l ¢« Jlourriixem [ & ] enr|
[our @R 7 J[evr)

Valid Data Types: X

SIMATIC TI405 User Manuc| Immedlate Instructions 11-3
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ORNI OR NOT Immediate (ORNI) connects two logic elements in parallel. The
on/off state of the contact following the ORNI is opposite the state of its
physical input point, which is read immediately, not at the end of the scan.

Xz Y7

O (ow7)

X6
1 -
Key Sequence

(op_J{wov Jisurr || ¢+ ]lswer]ixmnll s il ao)
Cour ] breoe) (7 7 [enT )

Valid Data Types: X

AND! AND Immmediate (ANDI) connects two logic elements in series. The on/off
state of the contact following the ANDI is the same as the state of its
physical input point, which iz read immediately, not at the end of the scan.

o) X6
| | iT | (v
| | o

Key Sequence

{awp |Iswer Il 1 Ilsweyiixea i ¢ JLENT]

{our Jigunll 7 | ewv |

Valid Data Types: X
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ANDNI AND NOT Immediate (ANDNI) connects two logic elements in series. The
on/off state of the contact following the ANDNI 1z opposite the state of its
physical input point, which is read immediately, not at the end of the scan.

xz X6 Y7
Pl | | (e
1 1/ Nad)
Key Sequence
[ape ] (657 - Cza e 1 Cor
Lour} I | =
Valid Data Types: X

oumn OUT Immediate (OUTI) ends a line of Yogic. The on/off state of the physical
output point is updated immediately, not at the end of the scan. If the same
point is used as an immediate output more than once in a program, it is
possible for the state of that physical cutput point to change several times
during one program scan,

l X2 Y7
[ I } ’(:OUTI
Key Sequence
[am fixe )2 ] et ]
Povr llewrr JE ¢ Jlswerlboun) (7 Jlew ]
Valid Data Types; Y
SIMATIC 71405 User Marucl Immediate Instructions  11-5
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OR OUTI OR OUT Immediate (OR OUTI) ends a line of logic, The on/off state of the
physieal outpnt point is updated immediately, not at the end of the scan, If
the same point i3 used as an immediate output more than once in a
program, the outputs are considered to be OR'ed together, so that an
inactive oceurrence of an output later in the program scan does not override
an active cecurrence.
X2 Y7
[ | Gl
. 1 (0 )
xa Y7
, /H Ri U'ﬂ)_4.
»—‘ | \E Q -
Key Seguence
Lam Jixen [ 2 ][ eur ]
Cos Jlour Iawey ][ 1 Jianer jiecounll 7 | [ owr)
Lon Jlour Ilenev ] ) J[swer]peountl 7 ) enT]
Valid Data Types: Y
11-6 Immeadiate Instructions SIMATIC TI405 User Manual
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SETI Set Output Point Range Immediate (SETT) turns on a range of physical
output points immediately, not at the end of the scan. If any of the set points
are used as outputs elsewhere in the program, they continue to be controlled
by program logic.

xz Y3 Y&
| Csen )
! e '
Key Sequence
tsm [(xma (2 )l o4T )
(k] Gener ] O ] Tapev | eowm] [ 3] brpournd {2 (e ]
Valid Data Types: . Y
RSTI Reset Output Point Range Immediate (RSTI) turns off a range of physical
output points immediately, not at the end of the sean. If any of the reset
points are used as outputs elsewhere in the program, they continue to be
controlled by program logic.
¥ Y4 Y7
[} ¢ msmi ) S
[ p

Key Sequence

f2mq ] )]

[ear J{onry J[ 1 Tiserv fbun][ s+ Jhaounl L7 [ ewr]

Valid Data Types: Y

SIMATIC TIH05 User Manug! immediate Instructions 11-7
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LDIF
{Ti435 Only)

11-8 immadiate Instructions

Load Accumulator Immediate (LDIF) loads up to 32 bits from X input points
to the accumulator. The current status of the physical inputs is loaded
immediately, not at the end of the scan. The specified point is loaded as the
least significant bit, and any upper accumulator bits that are not loaded are

set to zero.

X3 m LDIF = X0 —

ACCUMULATOR

010[010(010 |QIQ|Q|Q|Q|QIQ|D|0?O?D!1!0%0!}‘]|
XXz X W o

ON OFF OFF ON ON

Key Sequence
e Gl (e 10 ma]
Lo Jlewer)l 1 J[ ¢ I[ewrr}[xmn ]l o Jhkecoml| s 11 en |

Valid Data Types: First value X
Second value K(1-32)

SIMATIC 11405 User Manual
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OUTIF Output Accurmulator Immediate (OUTIF) moves up to 32 bits from the

(Y1435 Only) accummulator to Y output points. The state of the physical output points is
updated immediately, not at the end of the scan. The least significant bit
from the aceumulator is moved to the specified peint.

X1 — OUTIF — Y30 -

“—{I 8

ACCUMULATOR
|QI]|Q[Q|Q|Q I IQlQlO 1|1l0|1|1l lQ'j'Ql] ?i%lg[%l‘l:”ﬂhiﬂhh T'
Y37 Y38 YIS ¥34 Y3 Y3yl Y30
ON DN OFF ON DFF oM OM OFF
Key Sequence
[ovr Jlerr }l 1+ J[_E_]

[sner)bgunl [z 1 o Jheeomd[ o || gnt )

Valid Data Types: First value Y
Second value K({1-32)

SIMATIC T1405 User Manual Immediate Instructions 11-¢
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Chapter 12
Timer and Counter Instructions

TR L e e e e ia e 12-2
TMIRE e 12-3
T R A e e e e e 12-4
Y 12-5
N L e e e e 12-6
L 0 1 12-7
D o e e i 12-8
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™R Timer (TMR), When the input is on, the TMR inerements every 0.1 seconds.
When the input is off, the timer resets. The TMR can also be reset with the
RST ingtruction. When the current value is greater than or equal to the
praset, the timer contact with the corresponding T-number turns on. You
may also specify a different preset with the timer contact. A timer contact
with a preset turns on when the timer current value equals that preset, and
remains on until the timer is reset. The TMR continues to increment past
its preset, up to a maximum of 999.9 seconds. The current value of any TMR
15 stored 1n the V-memory location with the same nomber as the timer, so
the current value for TMR T4 is at location V4. Each timer must have a
unigue number between ¢ and 177 (octal). In the example, Y4 turna on 4.3
seconds after X0 is closed. Y5 turns on 2.0 seconds after X0 is closed.

- TMR — T4

"_'—{ } K43

T4 Y4

V4 K20 ¥5
- oD—

Key Sequence

e | Lyl o ikico[ & J[ & J[mer]
(em JCEERI 0 ¢ {ent)

Lour Jheoumil 4 Jlenr]

(svm O (s Jkecord (2 1o 1w ]
Couy] beconrml (5 7 [ ]

Valid Data Types: First value T
Second value V, and K (1-9999)
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TMRF

Fast Timer (TMEF), When the input is on, the TMEF inerements every 0.01
seconds. When the input is off, the timer resets. The TMRF can also be reset
with the RST instruction. When the current value is greater than or equal
to the preset, the timer contact with the corresponding T-number turns on.
The TMRF continues to increment past its preset, up to a maximum of 99.99
seconds. The current value of any TMRF is stored in the V-memory location
with the same number as the timer, go the current value for TMRF T47 iz at
location V47. Each timer must have a unique number between 0 and 177
{octal). In the example, Y4 turns on 6.2 seconds after X0 is closed.

X0
I I TMRF - T47
L KE20 —*

¥4

[ { } (DLH)—«

Key Sequence
Lour Jlrounl( 4 ][ snr]

Valid Data Types: First value T
Second value V and K (1-9999)
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TMRA Accumulating Timer (TMRA). When the upper contact is on, the TMRA
increments every 0.1 seconds. When the upper contact 13 off, the timer holds
its currvent value. When the contact turns on again, timing resumes from the
current value. When the lower contact is on, the t1mer is reset to zero. When
the current value is greater than or equal to the preset, the timer contact
with the corregponding T-number turns on. The TMRA continues to
inerement past its preset, up to a maximum of 9999999.9 seconds. The
current value of any TMRA is stored in two Vememory locations, starting
with the one that has the same number az the timer. TMRA T30 stores its
current value at V30 and V31. This means that there cannot be a timer
number T31, since its correzponding V-memory location is already in use.
Each timer must have a unique number between 0 and 177 {(octal). In the
example, Y4 turns on after X0 has been closed for a total of 8.3 seconds.

X0
L TMRA

X1

™R, 17
PRE: Ka3

T Y4
T | —(om)—

Key SBequence
O] Femer ] C 273 (oner 1 e ] 7 s T8 )3 J[Cenr |
Cour ) Eouml 3 1B )

Valid Data Types: First value T
Second value V and K (1-99999999)
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TMRAF

Fast Accumulating Timer (TMRAF). When the upper contaet is on, tha
TMRAF increments every 0.01 seconds. When the upper contact is off, the
timer holds its current value. When the contact turns on again, timing
resumes from the current value. When the lower conttact is on, the timer is
reset to zero. When the current value is greater than or equal to the preset,
the timer contact with the corresponding T-number turns on. The TMRAF
continues to increment past its preset, up to a maximum of 999999.99
seconds. The current value of any TMRAF is stored in two V-memory
loeations, starting with the one that has the same number as the timer.
TMEAF T46 stores its current value at V46 and V47. This means that thers
cannot be a timer numhber T47, since its corresponding V-memory location is
already in use. Each timer must have a unique number between 0 and 177
{cctal). In the sxample, Y4 turns on after X0 has been closed for a total of

4.3 seconds.

X0

TMRAF

x1

TMR: T46
PRE: K430

T46 v
1»——, I Cﬂ UT:) T

Key Sequence

(o ) EaG10 e 1[ ot ]

GO0 Jbeom{ 2 1L 3 JL e 1(am]
Cour ) ksovm] T3 1 Caq ]

Valid Data Types: First value T
Second value V and K (1-99999999)
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CNT The Counter (CNT) increments with each off-to-on transition of its upper
contact. The contact with the same CT-number as the counter is on when
the current count is greater than or equal to the preset. You may also
apecify a different preset with the counter contact. A counter contact with a
preset turns on when the counter current value equals that preszet, and
remains on until the counter is reset. The current count continues to
increment past the preset to a maximumn of 9999, The current count is
stored in a V-memory location equal to the counter number plus 1000, so
counter CT2 stores its current count in V1002, The CNT retains its current,
count until its lower contact is turned on; this resets it to zero. In the
example, Y3 comes on after X1 has been toggled 16 times. Y4 comes on after
X1 has been toggled a total of 20 times. Turning on X2 resets the counter.

X1
t or

CNT: (T2
L PRE: K16

CT2 ¥a
ouT )
- (our)

V002 K2 Y4
: Cout
(o)

Key Sequence

Corn ) [ (21 (e ]

) e 1 1 1 Can
Lovr roumll 3. ) Bwy |

lout Jbhvounl] 4 il Bvr ) '

Valid Data Types: First value CT
Second value V and K (1-9999)
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SGCNT

The Stage Counter (SGCNT) increments with each off-to-on transition of its
input. The contact with the same CTspumber as the counter is on when the
current count is greater than or equal to the preset. The current count -
continues to increment past the preset to a maximum of 9999, The current
count is stored in a V-memory location equal to the counter number plus
1000, g0 counter CT7 stores its current count in V1007, The SGCNT retains
it current count until reset with an RST instruction. In the example, Y3
comes on after X1 has heen toggled 10 times.

X1
SGCNT — CT5 -
l || S S

| ! K10

—l Gy

Key Sequence
Caxa ] Cxore 1 (51 [ent 1
ot ] gl T3 ) (aer ]

Valid Data Types: First value CT
Second value V and K (1-9999)
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upc The Up/Down Counter (TDC) increments with each off-to-on transition of
its I contact, and decrements with each off-to-on transition of its D contact.
The contact with the asame CTnumber as the counter is on when the current
count is greater than or equal to the preset. The current count continues to
increment past the preset to a maximum of 99999999, The count
decrements to a minimum of 0. The current count is stored in two V-memory
locations starting with the one equal to the counter number plus 1000. UDC
CT5 stores its current count in V1005 and V1006. This means that there
cannot be a counter CT46, since its corresponding V-memory loeation has
been used. The UDC retains its current count until the R eontact is turned
on; this resets it to zero, In the example, Y3 turns on after X1 has been
togeled 4 times, and hack off after X2 is toggled.

X1
L u UG

x2
T D

CNT: CT5
x3 PRE: ¥4
[}
CTS Ya

[ ‘(OLIT>—<|

Eey Sequence

fwervll v |1 o || ¢ JlowyjCehr I & Jkeonl] a [ enr]
e ] G ] 5] (et ]

(our ] biounl{ 3 ][ mvr]

Valid Data Types; First value CT
' Becond value V and K (1-99999999)
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Chapter 13
Accumulator Data Manipulation Instructions

LD e e e e e 13-2
0 5 13-3
5 13-4
DA L e e e 13-5
T e e 13-6
0L 0 13-7
0 D 13-8
AN D e e e e 13-9
AN D L e 13-9
0 S 13-10
L 1 S 13-10
0 13-1
KO R e e e e 13-11
M i e e 13-12
0 0 13-12
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LD

13-2

Load Accumulator with Word (LD) places a 16-bit value into the 32-bit
accumulator. The upper 16-hits of the accumulator are zerced. If LD is used
with a V data type, the value from that V-memory location is loaded. Ifit is
used with a K data type, the constant value is loaded directly. If used with a
P data type, the value from the V-memory location is loaded by the value
pointing to that address.

x1 V Example
0—-{ l——— Vaz12
V4212
4321

Accumulatorl 0000 I 4321J

X2 K Exampla

"'—l }—\ K12 "f'

K12
Accumulator {0000 o012

P Example
Ixal D V1600
Acmmulatorl 0000 I 0137 |
Key Sequence
Loma Ilxan I 1 10mnr]
Lap v M & §1 2 103 0 2 J0EnT]
CoolkERa 7 107 1 Enf]

Cop J{sweylfmailEy 3710 ¢ J[ o JTmer]

Valid Data Types: V.P,and K

Accumulator Dato Manipulation Instructions
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iDD Load Accumulator with Dauble Word (LDD) places a 82.bit value into the
32-bit accumulator, If LDD is used with a V data type, the valuze from that
V-memory location and the one following it are loaded. If it is used with a K
data type, the congtant value is loaded directly. If used with a P data type,
the values fram two V-memory locations are loaded. The P value points to
the address of the first of the two locations.

V Example
X1 _ bp —
‘ l V4E1E VAR17 V4618
[ o014z | 31es |
Accumulator L3142 3165
K Example
2 — LDD —
[ | 0001 2345
| k42345 k12345 1 }
Accumulator 0001 | 2345 |
P Example
V3200
S e e e N
Lo P3200 VEEE7 __ VEBEE
o032 | 1477 |
Aocumulatnrl 0032 | 1477 l
Key Sequence
Cip ) lenrr 10 o Tl C ¥ I3 s 107 1 10enr]
L e ) o e ksoed T3 12 103 10215 Jiem]

O J el IEam) 3 1z e 1 e 1[mm]

Valid Data Types; VEPand K
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LDX Load Accumulator Indexed (LDX) places a 16-bit value into the 32-bit
accumulator. The upper 16-bits are zeroed. The contents of the accumulator
are used as an offset from the Vememory location supplied by the LDX
instruction to calculate the address value that 18 loaded back to the
accumulator. In the example, the LD V6120 instruction is used to load the
offset into the accumulator before executing the LDX V1500,

LD V6120

| | V6120

a o [ o00a |

A:»wmmmurl 0000 | 0003 I

LDX V1500
LDX ‘ Address V1500 + Ofiset
from Actumulator = V1503
V1500
V1503

4567

Accumulator L__m_lﬂuj

Key Sequence

G Gl (51 Cenir )

Ce 10y s I 13 1enl

O e ) Cx Jenm] vy J3 103 10 1o J0Ent]

Valid Data Types: v

NOTE: The offset is read as a hexadecimal number and then converted to an
octal offaet,
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LDA Load Accomulator with Address (LDA) loads the aceumulator with an oetal
constant to be used for addressing V-memory.

LDA

X I |
L
! 01777

Key Sequence
Lare Jixmn Il 4 [ ENT ]
(TR T ) I I T 2 | I | i T

Valid Data Types: Q(0-=-7777T)
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out

13-6

Output Accumulator Right Most Word (OUT) stores a 16-bit value from the
accumulator into V-memory. When OUT is used with a V data type, the
value is placed in that V-memory location. When used with a P data type,
the value is placed in the V-memory location pointed to by the P value.

V Exampte
e OUT ——y

x1
1»—-—| '—— V2000 Aecumulatorl 0000‘ 431 |

Y2000

P Exampie
X2 ouT

I . Accumulator[ 0000 | 1212 I

| ] P2142

V42 Vapa7

Key Sequence
oA e | e e | e | wom [er | )
Lavp llxmnll 2 1] eny]

Valid Data Types: V(041027 and P

Accumuldtor Data Manipulotion Instructions SIMATIC TI405 User Manual
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OouTth Output Accumwulator Double Word (OUTD) stores a 32-bit value from the
aceumulator into two consecutive V-memory locations. When OUTD iz used
with a V data type, the value is placed in that memory location and in the
next one. When used with a P data type, the value is placed in two
V-memory locations, starting with the one pointed to by the P value.

X1 . V Example
—OuTD —
? I } v2140 ;T Acturuletor Lmiu Lnisz |
| caoa | vasp |
V2141 V2140
Xz _ outD — P Example
* _‘ |—‘ P3za0 -—T Accumutator | 141|624 |
' '
| 1461 | 2824 |
v212z _ veiz
pszso
vazao
Key Sequence
Copr 1l e I Il v J2 107 12 1% Jlerl
Corn 1 G} 2 3 (G

Valid Data Types: Vand P
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ouTX Output Accumnlator Indexed (OUTX) stores a 16-bit value from the first
stack register at a V-memory address formed by adding an offset value from
the accumulator to the address used with the OUTX instruction. In the
example, LD K2345 loads a 16-bit value into the accumulator. LD K4 leads
an offset of 4 into the accumulator and pushes the previcus contents into
the first stack register.

LD K2345
x4 D

b b e "

Actumulator {0000 | 2345 |

LD K4

Ac.mmuiatorl 0000 I 0004 I

Stack | 0000 | 2345

Register
—— OUTX —— OUTX V2O
V2000 Addrass V2000 +
Offsat from Accumulator

= V2004

Accumuistor | 0000|0004 |

Stack 0000 ma_"L_%il
V2004

Register
Key SBequence
Cem I GEmel [ 1 ({ewr]
(T | T | e e [ |
(| 7 e T

(ovy |{swrr]i x Jimarr)[ ¥ JE 2 1t o ICe J e Jo 1[env])

Valid Data Types: v

NOTE: The offset is read as a hexadecimal number and then converted to an
octal offset. '
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AND AND Accumulator with Word (AND) performs a logical AND between the
accumulator and a four-digit V-memory value. The result is stored in the

accumulator. Flags SP63 and 70 are set aceording to the result.

AND

“—l Il V3100

Key Sequence
Lgm Jixondl t | ENT
Caee 0y 103 103 1Mo T o 1wl

Valid Data Types: v

ANDD AND Accumulator with Double Word (ANDD) performs a logical AND
between the accumulator and an sight-digit V-memeory, or constant value, or
the contents of two consecutive V locations. The zpecified V location
contains the least significant two bytes. The result is stored in the
accumulator. Flags SP63 and 70 are set according to the result.

I | —— ANDD
T | |
K31342

Eey Sequence
tamm lixmall 1 |lenr|
Camo ] (enFr) T [y ] kGoml (3 ) 3 1 1 F )z 10w

Valid Data Types: TI425 K
TI436 Vand K
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OR OR Accumulator with Word (OR) performs a logical OR between the
accumuiator and a four-digit V-memory value. The result is stored in the
accumulator.

| — OR —
"h‘|| V2525

Key Bequence
I.vllzlls||z|lsll_ﬁn_'|

Valid Data Types: v

ORD OR Accumulator with Double Word (ORD) performs a logical OR between
the accemulator and an eight-digit V-memory or constant value or the
contents of two consecutive V locations. The specified V location contains
the least significant two bytes. The result is stored in the accumulator,

x1
| | —— ORD —

T P vezan *

Key SBequence

Gl . T

Cep JGEae I C e Jeam )y e 1= 173z 1o JEm]

Valid Data Types: TI425 K

TI435 Vand K
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XOR Exclusive OR Accumulator with Word (XOR) performs a logical exclusive
OR between the accumulator and a four-digit V-memory value. The result is
stored in the accumulator.

X1
I I XOR
' I V4252
Key Sequence
(ern ]l 1L enr]
] JeamiCer 10y e 1z JCs 17 e
Valid Data Types: v

XORD Exclusive OR Accumulator with Donble Ward (XORD) performs a logieal
exclusive OR between the accumulator and an eight-digit V-memory, or
constant value, or the contents of two consecutive V locations. The specified
V location contains the least significant two bytes. The result is stored in
the accumulator.

X1
| XORD —

T “I | V5250
Eey Sequence

Lol x _dlgner il or Ilswer]l o Mawr]l v 11 5 M 3 Js T o Hlmr]
Valid Data Types: TI425 K

TI435 Vand K
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CMP Compare Accumulator with Word (CMP) compares a four-digit V-memory
value with the accumulator, Flags SP60, 61 and 62 are set according to the

result.
X1
| —— CMP —

T | V312
Accumulator > Compared Data 1 8P62is On
Accumulator = Compared Data : SP81isOn
Accumulatar = Compared Data : SP&0is On

Key Sequence

(=T S | O | T | e e =T

Valid Data Typas: v

CMPD Compara Accumulator with Double Word (CMPD) compares an eight-digit V

constant value, or the contents of two copgecutive V locations, with the
accumulator. The specified V location containg the least significant two
bytes. Flags SP60, 61 and 62 are set according to the result.

X1
| ’ — CMPD  ——
! V6263
Accumulator » Compared Data : 8PR2is On
Accumulator = Comparad Data ;. Sp8liz0On
Accumulator = (Gomparad Data : 8PBDis On

Key Sequence
Con ) Caawidd 51 (i)
(e A Ce 1w Ty e 21 ] a1 (e

Valid Data Types: TI426 K
T1435 Vand K
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Chapter 14
Bit Manipulation Instructions

BHE R e e e e 14-2
| 14-3
] | 14-4
0 i4-5
I e 14-6
00 1 17 KT )31V T 14-7
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Shift Accumulator Right (SHFR) shifts the value in the accumulator to the
right by the number of bit positions specified by a V-memory location or a
constant value. Vacant bits on the left are zero filled. The shift can be up to
32 positions. A 32-bit shift sets the accumulator to zero.

SHFR

ml o SHFR o
1 K5
ACCUMULATOR BEFORE
I1l1|o|1|n|1|1|o|1iu|1|o|1|1|1!0| |olol1l1lol1lu|1}1I0[1I1|1IQ|119_!
—-

AFTER
IO]DIQ|Q|Q|1|]|0|jlg|]|1|g|1|0|1I |Q|1|1|1|g]g|g|1l1|g|1|D|1|1|D|1I
ACCUMULATOR
Key Sequence

(el & 1[ v Il F I R |lovwrFrikeoni] s || EnTd

Valid Data Types: Vand K

NOTE: The shift value must be a hexadecimal number in the range of 1-F.
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SHFL Shift Aceumulator Left (SHFL) shifts the value in the aceurnulator to the
left by the number of bit positions specified by a V-memory location or a
constant value. Vacant bits on the right are zero filled. The shift can be up
to 32 positions. A 32-bit shift sets the accumulator to zero.

’“I _ SHFL .
| K4
Asturnulator Before
|1[1|o|1|1]1 g|3|g|1]1|0|g|0|0|1| |0|u[1l1|1!1|0[1|1|0|0|1|0I1I1I1J
-
After

|1|1|o|1|o|1l1|0|0|0|0!1|a|o|1l1I I1h|o|1|1Io|u|1|oi1i1l1|o|0|olol
Accumulatar

Key Saquence
laPTil » I b 1{"¢ JC L lenerlluconil o ][ ey

Valid Data Types: V and K

NOTE: The shift value must be a hexadecimal number in the range 1-F.
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ROTR

14-4

Bit Manipulation Instructions

Rotate Accomulator Right (ROTR) rotates the value in the accumulator to

the right by the number of bit positions specified by a V-memory location or
a comstant value. As a bit is pushed out the right end of the accumulator, it
iz loaded back into the laft end to fill the vacancy. The rotation can be up to

32 positions.

1 Iml — ROTR —-
| K3
ACCUMULATOR REFORE
"I1Iu[olo|1|o|o|1I1ia|1|0|o!1|1|1' 1jo}1 111 elojol1]1]of1
AFTER

IilQl*ll!lolquI1|o|o|1l1|u|1Io|o' |1I1l1|1|o|1|0|o|1|1lo!1|o!0|0l1|
ACCUMULATOR

Key Sequence
LTl & 1 o J[ 1 JL s )isnryitacold( o JENT]

Valid Data Types: Vand K

NOTE: The rotate value must be a hexadecimal number in the range of 1-F.

SIMATIC TI405 Usar Manual
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Rotate Aceumulator Left (ROTL) rotates the value in the accumulator to the

ROTL
left by the number of bit positions specified by 2 V-memory location or a
constant value. As a bit is pushed out the left end of the accumulator, it is
loaded back into the right end to fill the vacancy. The rotation can be up to
32 positions,
1 Iml — ROTL -
| | K4
Accumuiator
{" ig|g|g|1lo|u]1|1iu 1lolol1]1]1 l1io|1|ofo|1 1I0|1|0|0l0|1|1|0l1
Aftar /
|1|o[u!1l1|0[1 |g!g]1 1[1I1|g|1 QI Ig|1|1|g|1|glg Q|1|1lg|1|1|9[g|gl
Accumulator
Kay Seaquance
(miFr]{ g Jl o 17 101 Tkicomil 4 1Tl
Valid Data Types: Vand K
NOTE: The rotate value must be a hexadecimal number in the range of 1-F,
SIMATIC TI405 User Manual Bit Manlpulation Insfruclions 14-5
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Load Accumulator from Image Register Range (LDF) loads up to thirty-two
bits from the specified bhit image register to the accumulator. The specified
point is loaded as the least significant bit, and any upper accumulator bits

that are not loaded are set to zero.

X1
|1 LDF — X10 -
| ‘—' K& 1

LDF (TI435 Only)

KI5 X4 Xi3 X12 Xl X0
ON OFF ON OFF ON ON

— Sl

Iololuloloiolololulu!oln|o!o|olo| luln|o|o|o|o|ulo olol1lol1]ol1]1

Key Sequence

D Jfawer 1 F 7 CeiET) Cxowi ] 3 3o ] burcom] s ¥ (e

Valid Data Types: First value X, Y,C,5,T,CT, 5P, and GX
Second value K (1-32)
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QUTF (TI435 Only) Output Accumulator to Image Register Range (OUTF) moves up to 32 bits
from the accumulator to the specified bit image register. The least
significant bit from the accumulator is moved to the specified point.

X — OUTF - G20 —

Accumulator
|1|1|0|1|1|1|Q|1|0[1|1!1|0I1|1|0l

Key Sequence

Lour J[aurr 1L ¢ JlswFrlicomi[ 2 [ o Thaeod [ s J[ent]

Valid Data Types: First value XY C GX
Second value K (1-32)

SIMATIC TI405 User Manual Bit Moniputation Instructions
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ADDF (11435 Only) Add to Accumulator (ADDYF) adds the value formed by the specified image
register bits to the eight-digit BCD value in the accumulator. The specified
point is the least significant bit. The result is stored in the accumulator.
Special relays SP63, 5P64, and SP70 are set according to the result.

X1 — ADDF — X10 —
} K4
Key Sequence

Lapp ilonry 1 r J{anFyiixsnd( 1 I o lkicomil s J{ent|

Valid Data Types: First value X YC S T CT5F and GX
Second value K (1-32)

SUBF (435 (Only) Subtract from Aceumulator (SUBF) subtracts the value formed by the
specified image register bitg from the eight-digit BCD value in the
accumulator. The specified point is the least significant bit. The result is
stored in the acenmulator, Special relays SP63, 5P64, SP65, and SP70 are
set according to the resnlt.

l xi — SUBF — C14
|| "

Key Sequence

Valid Data Types: First value X ¥ C 8, T CT SF and GX
Second value K (1-32)
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MULF (TI435 Only)

DIVF (TI435 Only)

Muitiply Accumulator by Image Register Range (MULF) multiplies the
four-digit BCD value in the accumulator by the value formed by the
apecified image register bits. The specified point is the Jeast significant bit.
The result is stored in the accuamulator. Special relays SP63 and SP70 are
set according to the result.

X1 — MULF — 50 —
| K8

Key Sequence
e izt JU 3l gvy ]
Doy 1 [gner L F T [Ener  omas] o Tk T ) [enT |

Valid Data Types: First value X Y, C,5,T,CT, 5F, and GX
Second value K (1-16)

Divide Aceumulator by Image Register Range (DIVF) divides the eight-digit
BCD value in the accumulator by the value formed by the specified image
register bits, The specified point is the least significant bit, The result is
stored in the accumulator. Special relays SP53, SP63 and SP70 are set

according to the result.

1
ixl — DNVF — X40 —
1] K16

Key Sequence

IETTRFT T I |
Loy J ) CF Jlzarr) Coaa 14 1[0 Jkicowl 1 10 s 1080 )

Valid Data Types: First value X Y C,8 T CT, SP, and GX
Second value K (1-16)

SIMATIC TI4G5 User Mantcrl Bit Manipdiation Instructions 14-9

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com



ANDF (Ti435 Only) AND Accumulator with Image Register Range (ANDF) ANDs the contents
of the aceummulator with the indicated number of bits from the specified

image register. The gpecified point ig the least sigmificant bit. The result is
stored in the accumulator. Special relays SP68 and SP70) are set accordingly.

x1
ANDF — X20 —

Accumulator Betore

1131

lotolatalslolotolsiolotolotolas] |g| lololol1 lg[gl 1l1lollatifels |
FTLeiiL

X27 X268 X256 mmm1m
OM OFF ON OFF OFF OFF ON

o EREIN l

'olo|u|o|u!o|0|o|ulo]olo|o|o|oin| Iu[o|u|o|o|o|o|o 1Io|o|o|o|o|o[1

Accumulator

Key Sequonce

Valid Data Types: Firat value X, YC 85T, CTSP and GX
Second value K (1-32)
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ORF (11435 Only)

register. The specified point is the least gignificant bit. The result 1s stored
1n the aceumulator.

X1
| |— ORF — Y0 -
K4

.

Bafore
Accumuiatar

OR Acecumulator with Image Register Range (ORF) ORs the contents of the
aceumulator with the indicated number of bits from the specified image

]olohl1|Dl1|1l1|0|1|olu|110|1|1, l1|1|olo|olol1lo'ol1|1lnf1|0|ol1l

O

Yi Y2 YiI Y0
ON ON OFF OFF

}

Atter \\
Inlol1|1|g|1I1I1|o|1|g|9|1|o|fl1l ,1|1|0Iolu!o_l1luloi1]1|0l1i15011

Ascumulator

Key Segquence
el Gael i 1{aq])
Con ) [enrr]) C_F ] [anei] fooun] o | feiede =] CEnT 1

Valid Data Types: First value XY C,5 T CT, SP and GX
Second valoe K (1-32)

Eit Monlpulation instructions
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Exclusive OR Accumulator with Image Register Range (XORF) ORs the
contents of the accumulator exclusively with the indicated number of bits
from the specified image register. The spacified point is the least significant

bit. The result is stored in the acecumulator.

XORF (TI435 Only)

X1
.. XORF .. 12 __

— —

Accumulator Batfore

|o|1l1|o|o]1 1|1|1lg|g|g olo[1l1l |1lol1|1|1lololo|1I1|0I1|ulo|1lol

G186 CGiIs OM GI3 Gi2
On ON OFF ON ON

S

Ioi1|1[o|ol1|1|1 1Io|o|o|u|o|1!1l ,1Io|1l1|1Io|olol1|1|oio|1|o|o|1

Accumulator

Key Sequence

loer I L x_Jlener 1 { o JawFr ) ¢ 1{awellerem) T 1T = lkecomi[ 5 J(ent |

Valid Data Types: First value X, Y C,5,T CT, SF, and GX
Second value K (1-32)
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CMPF (T1435 Only)

SUM

SIMATIC 11405 User Manual

Compare A¢cumulator with Image Register Range (CMPF) compares the
contents of the accumulater with the indicated number of bits from the
specified image register. The specified point is the least significant bit. The
result is stored in the accumulator,

x
[ — CMPF — Cd0 —
| K32
Accurulater < Image Register ;. 5P60IsOn
Accumilator = Image Ragister : BP61is0n
Accumulator >  Image Register : SPBZis On
Key Saquence

{owr JUSHRTIL F Jlswrrliceml( ¢ 11 o Jkicomd 3 J{ 2 Jlenr]

Valid Data Types: First value XY C 8 T, CT SF and GX
Becond value K (1-32)

Count One Bits in Accumulator (SUM) counts the number of bits set to ones

in the 32-bit accumulator, The count is stored in the accumulator as a
hexadecimal number.

X1
SUM

Accurmulatar Befo

g
olololole]s gig|9|1[g|g|1|0|1|1l |o|n|1lu[ﬂg|ulo|1|n|1l1|ot1loloJ

Eloven Bits Satto 1's

F

Ahar 1
|o|o|g|g|g|g]g|g|n|g|o|n|oln|oin| |olg|gio|o|ololo|quIquI1|g|1|1l

8421

Acturmulator

Kay Sequence
Forn ) (e f 3 J{enr]
e g JC y 1 m_1[ent]

Valid Data Types: none
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1DSX (T1435 Only) Load Accumulator Indexed with Data Conatants (LDSX) loads the
accumulator with data from an ACON ar NCON located at an offset from
the specified data lahel, The desired offset must be loaded into the
accumulator before the LDSX instruction is executed, In the example, LD
K1 sets an offset of 1 into DLBL K4, specified by LDSX K4,

X1
l | -0
P K1

—— LD8X ey
K4

l CEND)——«

— MNCON —
-— DLBL K4 5 K1234

NCON —
KB785

DLBL K4
Accumulator

OFFSET 1234 Accumulator

0
o [ e e ]
)

NOTE: The offset value must be a hexadecimal number.

Key Sequence

[ap Jgeonsl 1+ 11 oy |

Ceisme )l s I x JGcowi (s 1lent]

[en] (o] ‘

[Frrra o | | Sk | S | ] T o |

() n 10e 1o 1w JEes [+ J[ 3 103 J[ & J(Ent]
e e 0 T n Tkcomll o J[ 7 JC & 1[5 _Jmf)

Valid Data Types: K (1-FFFF)
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Chapfter 15
Accumulator Stack Instructions
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POP Load Aceurmulator from Top-of-Stack (POP) moves the value of each of the
eight stack registers up one level. The value in the first register is popped
into the accumulator, and any previous value in the accumulator is lost.

} | POP

BEFORE AFTER

ccumATOR 1

STACK
REGISTERE

o~ (| gl m

W~ | K]

Key Seguence
eIl e JC 0107 ) Cant )

Valid Data Types: none
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ADDS Add Top-of-Stack to Accumulator (ADDS) adds the value in the first stack
register to the value in the accumulator. The reanlt is storad in the
accumulator. Flags 3P63, SP66, SP67 and SP70 are set according to the

result.

ADDS

Key Sequence
{amm J[xmall_1_}[ BT ]
lapp Hower il o Il ewv |

Valid Data Types: none

5UBS Subtract Top-of-Stack from Accumulator (SUBS) subtracts the value in the
first stack register from the value in the accumulator, The result is stored in
the accumulator. Flags 5P63, 5P64, SP65, and SP70 are set according to the

result.

x1
—— SUBS

Key Sequence
Laye Pixan [P 1 J1 ey )
Laus j(sHET |t & [¢enyl

Valid Data Types: none

SIMATIC: TI405 Liser Manhucr Ac:cu'ndmor Stack Instructions 15-3
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MULS Multiply Accumulator by Top-of-Stack (MULS) multiplies s four-digit value
in the accumulator by a four-digit value in the first stack register. The
result is stored in the accumulator. Flags SP63 and SP70 are set according
to the result.

| [ - MULS

Key Sequence
Lem tixmnli_1 Jienr]
[aug Jlswer || & [ gnT]

Valid Data Types: none

DIVS Divide Aecumulator by Top-of-Stack (DIVS) divides the eight-digit value in
the accumulator by a four-digit value in the first stack register. The result is
stored in the aceurnulator and the remainder is stored in the first stack
register. Flags SP53, SP63 and SP70 are set according to the result,

X1
| Divs

Key Sequence
Lam ] 0 Cen)
C10ew])

Valid Data Types; none
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CMPS Compare Accumnulator with Top-of-Stack (CMPS) compares the 32-bit value

in the accurpulator to the 32-bit value in the first stack register. Neither

value is changed.

X1

CMPS

Astumulator
Accumulator
Accumulator

VoA

Key Sequence
Lewr |lsner 1L 5 1L GT ]

Valid Data Types: none

Stack Reglster :  8P60isOn
Stack Register : &PE1isOn
Stack Register . SP62is0On

INV One's Complement Accumulator (INV) inverts each bit in the 32-hit
accumulator and stores it back in the accumulator.

X1

iNV

Key Sequence
Cam ] (zmo 10 ] (&5
fower [0 1w J vy J0ewT]

Valid Data Types: nene

SIMATIC TII05 User Manucl
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RCDCPL Ten’s Complement Acenmulator (BCDCPL) takes the 10's complement of the
BCD value in the accumulator. The result is stored in the accumulator. The

mathematical formula for this operation is:
1 0})00 0000

= 10's complement value

X1
—— BCDGPL ——

Key Sequence
Cgeo e ¢ Jp [ ¢ |[(Ewr]

Valid Data Types: none
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Stack Instructions

Qverview TI405 stack inst:
version 2.1 adds

ructions use the accumulator stack. TI435 CPU firmware
the following new stack instructions:

ADDEBS ADD Binary top-of-Stack to accumulator

SUBBS SUBtract Binary top-of-Stack from accumulator

MULES MULtiply Binary aceumulator by top-of-Stack

DIVBS DIVide Binary aceumulator by top-of-Stack

ANDS AND accumulator with top-of-Stack

ORS OR accumulator with top-of-Stack

XORS aXclusive OR accumulator with top-of-Stack
Special Relays Many special (SP) relays or flags exist in the TI405 CPUs. These are

internal discrete points that are set and reset by the CPU depending on
certain operating conditions.

The seven new stack instructions now available on the TI435 affect the

SF flags shown i

n Table 15-1.

Table 15-1 Flags Affected by New Stack Insiructions
Instruction " Flags Affected |
!==-W_qmm7, SP70
SUBBE BPa3, EP64, EP65, SP70
MULES SP63, SP70
DIVES EP53, EP63, 5P70
ANDS 8P6s, SP70
ORS SPe3, SP70
XORS SP&3, 5P70

SIMATIC TI405 User Manual
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You ecan nse these special (SP) relays as input contacts in your program to
check for epecific conditions. The following eonditions are reported by the

8Ps Listed in Table 15-1:

SP53

5P63

SP64

SP65

SP66

SPe7

SP70

Arithmetic Error — on when the operand value is outside the
allowable range; off otherwise. For example, this flag turns on
when division by zero is attempted.

Zero — on when all 32 bits of the accumulator are zero: off
otherwise,

Half borrow — on when 16-bit subtraction results in a borrow
beeanse the lower 16 bits of the operand (stack register 1 in this
eage) are greater than the lower 16 bits of the accumulator; off

otherwize,

Borrow — on when 32-bit subtraction results in a borrow because

the 32 bits of the operand (stack register 1 in this case) are
greater than the 32 bits of the accumulator; off otherwize,

Half carry — on when 16-bit addition results in a earry because
the sum is greater than can be digplayed in 16 bits; off
otherwise,

Carry - on when 32-bit addition results in a carry because the
sum is greater than can be displayed in 32 bits; off otherwize,

Sign — on when the meost significant bit of the 32-bit
accumulator is on; off otherwise.

The state of each SP listed above can be altered by each instruction that
affects that SP. Thus, the state of each SP may change several times during
a gingle program scan. If you use these SPs in your program, be sure to
place them immediately following the appropriate instruction to be sure the
correct check is performed.

15-8 Accumulator Stack Instructions SIMATIC 11405 User Manual
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For example, the program of Figure 15-1 checks a divide instruction to be
sure the operand value is within range.

LD
| - vaoo0
—{vex
V3000
‘ DIVBS
SP53 — l;_l

| | {:STQE Stop if arithmaetic eror

Parfoim division

1002552

Figure 15-1 5P Example

ADD Binary Top-of-Stack to Accumulator (ADDEBS) adds the value in the

ADDBS
(Ti435 only) first stack register to the value in the accumulator. The result is stored in
the accumulator. The contents of the first stack register are popped away.
Flags SP63, 5P66, SP67, and SP70 are set according to the resnlt. ADDBS
is a 32-bit operation. See Figure 15-2,
| X1' — ADDBS
i 4—‘
Bit # a 0
Accumulator | A |
+
Stack Register 1 I 8 |
Accumulator L A+B _I
Izssa
Figure 15-2 ADD Binary Top-of-Stack to Accumulator (ADDBS)
MIU Key Sequence:
Lame lixmall_1 J{ew ]
Lavo {[aner ]l & 1( g Jloe]
Valid Data Typss: none
SIMATIC TI405 User Manuct Accumulator Stack nstructiors  15-9
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SUBBS
{TI435 only)

MULBS
(T1435 only)

15-10 Accumulator Stack Instructions

SUBtract Binary Top-of-Stack from Accumulator (SUBBS) subtracts the
value in the first stack register from the value in the sccnmulator. The
result is stored in the accumulator. The contents of the first stack register
are popped away. Flags 5P63, SP64, SP65, and SP7) are set according to
the ragult. SUBBS is a 32-bit operation. See Figure 15-3.

' X1| — SuUpBRs
|| I
Bit # a4 0
Accumulatar l A _I
Stack Register 1 | B |
Accumulator | A—B |

1002554
Figure 15-3 SUBtract Binary Top-of-Stack from Accumulcttor (SUBBS)
MIU Key Sequence:

lavp il (e 10 s (=]

Valid Data Types: none

Multiply Binary Accumulator by Top-of-Stack (MULBS) multiplies a 16-hit
{4-digit) value in the accumulator by a 16-bit (4-digit) value in the first
stack register. The 32-bit result iz stored in the accumulator. The contents of
the first stack register are popped away. Flags SP63 and SP70 are set
according to the result. See Figure 15-4.

|X1| — MuLBs
+ [ l l
Bit # 31 16 15 Lt]
Accumulator [ _ignored _ | A i
Stack Ragister 1 [ ignored | B ]
Accumulator I A*B I

1002BER
Figure 15-4 Mulliply Bincry Accumulcator by Top-of-Stack (MULBS)
MIU Key Sequence:

[smmilxenll 3 J[eq]
(nuL VisHer Il B, Il 8 || EnT |

Valid Data Types: none

SIMATIC TI405 User Manual
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DIVBS Divide Binary Aceumulator by Top-of-Stack (DIVBS) divides the 32-bit

(TI435 only)

(8-digit) value in the accumnlator by a 16-bit (4-digit) vajue in the first

stack register. The 32-hit result is stored in the accumnulator, and the
remainder is stored i the first stack register, Flags SP53, SP63, and P70

are set according to the result, See Figure 15-5,

X1
| | DIVBS
| | ]
Bit# M 16 18 )
Accumulator l A |
i

Stack Register 1 [ ignored | B ]
Accumnulator | Integer partof A /7B ]
Stack Register 1 | Remainder |

MIU Key Sequence:

[am lixmpl!l 3y _10evr ]

Loty Manyer Il & 1 o ]lenT)

Valid Data Types: none

SIMATIC TI405 User Moanual

1002658

Figure 15-5 Divide Binary Accumulator by Top-of-Stack (DIVES)
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ANDS
(Ti435 only)

OR3
(T1435 oniy)

15-12 Accumulator Stack Instructions

AND Accumulator with Top-of-Stack (ANDS) performs a logical AND
between the contents of the accumulator and the contents of the first stack
register. The result is stored in the accumulator. The contents of the first
stack register are popped away. Flags SP63 and SP70 are set according to
the result. ANDS is a 32-bit operation. See Figure 15-6.

+ {I ' —ANDS]

Bit# Ii1 _ Q
Accumulator A I
AND
Stack Ragister 1 | B |
Accumulator F AANDRB ___l

1092557
Figure 15-6 AND Accumulator with Top-of-Stack (ANDS)
MIU Key Sequence:

Lanp J(snFy [ g [ eyt ]

Valid Data Types: none

OR Accumulator with Top-of-Stuck (ORS) performs a logical OR between
the contents of the accumulator and the contents of the first stack register.
The result is stored in the accumulator. The contents of the first stack
register are popped away. Flags SP63 and SP70 are set according to the
result. ORS is a 32-bit operation. See Figure 15-7.

|| o ons ]
Pl
Bit # a1 0
Accumulator |

A
OR

Stack Register 1 [ B ]
OR

Accumulator | A

Ixrabsa

Figure 15-7 OR Accumulator with Top-of-Stack (ORS)

MIU Key Sequence:
Czam xmwe |5 ) [Ewr ]
[on liower I[_a [Nt ]

Valid Drata Types: none

SIMATIC: TIJ05 User Mornuol
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XORS
(Ti435 only)

Exclusive OR Accumulator with Top-of-Stack (XORS) performs a logieal

exclusive OR between the contents of the accumulator and the contents of
the first stack register. The result is stored in the aceumulator. The contents
of the first siack register are popped away. Flags SP63 and SP70 are set
according to the result. XORS is a 32-bit operation, See Figure 15-8,

- XORS ]

Bit #
Accumulatar

Stack Register 1

Accurnulator

a1 Q

A |

Extiusive OR

B |

A axclusive OR B |

1002550

Figure 15-8 Exclusive OR Accurnulator with Top-of-Stack (XORS)

MIU Key Sequence:
[sm] L2 J[ENT ]

ey |0 x J[ o I g )l & lient]

Valid Data Types; none

SIMATIC Ti405 User Manudl
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Chapfter 16
BCD Instructions

AD D e e 16-2
I I 16-2
SUB L e e e 16-3
BB L e e e e 16-3
MU 16-4
DV e e 16-4
N e e e e e 165
1 165
SIMATIC: TI405 User Manual BCD Irstructions  16-1
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ADD Add BCD (ADD) adds a four-digit value from a V-memory location to the
value in the accumulator and stores the results in the accumulator. Flags
SP63, 5P66, SP67, SPT70, and SP75 are set according to the result.

ADD

"_‘_’ { Y2000

Key Sequence
[ JE#6IL 3 10Eal
Caep ¥ Iz 1o 1o JCe 10

Valid Data Types: v

ADDD Add BCD Eight-digit Value (ADDD) adds an eight-digit constant value, or
the value from two consecutive V-memory locations, to the accumulator. It
stores the results in the accumulator. If a V data type is used, the lower four
digits of the numher come from the specified V location and the upper four
digits from the next higher V location. Flags SP63, SP66, SP67, SP70, and
SP75 are set according to the resalt.

X1
—— ADRDD —

| K12345

Eey Sequence
Levp |lxme ] ) ‘[ewrl
Capp 1[awer} o ] (ewFr]Kieom 7 102 13 JC1CE" 1 leny )

Valid Data Types: Vand K

14-2 BCD Instructions SIMATIC TI405 User Manual
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SUB Subtract BCD (SUB) subtracts a four-digit value in a Ve-memory location
from the value in the accumulator, It stores the result in the acenmulator.
Flags SP63, 5P64, SP65, SP7(), and SP75 are set according to the final
resnlt.
ml SUB ——
T——, | vai10 "
Key Sequence
cotR PExme J[ ¢ {{ent |
fam 1Y Iz IO e Jem ]
Valid Data Types: v
SUBD Subtract BCD Eight-digit Value (SUBD) subtracts an eight-digit constant
value, or the value from two consecutive V-pemory locations, from the
accumulator. If a V data type is used, the lower four digits of the number
come from the specified V location, and the upper four digits from the next
higher V location. Flags 8P63, SP64, P65, SP70, and SP75 are set
according to the result.
x1
’ ~—— SUBD —
0——{ i va4q12 /%
Key Sequence
Caus o]l p IOy JC 2 103 101 12 1 Em]
Valid Data Types: Vand K
SIMATIC TI405 User Manual BCD instructions  16-3
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MUL

Div

16-4

Mualtiply BCD (MUL) multiplies the value in the accumulator by a four-digit
value from a V-memory location, or a four-digit constant. It stores the result
in the accumulator. Flags SP63, SP70, and SP75 are set according to the

resnlt.

X1
MLUL

1>—| } K341

Key Sequence
Gora ) ERe) (2 1 (o ]
Kol 2 13 g 101 1ead

Valid Data Types: Vand K

Divide BCD (DIV) divides the value in the accumulater by a four-digit value
from a V-mmemory location, or by a four-digit constant. It stores the result in
the accumulator. Flags SP53, SP63, SP70, and SP75 are set according to the

result.

X1
Div

"—I I v2102 —T

Key Sequence
Cov 10w J0 2 J0« 0w I 2 1Enx])

Valid Data Types: Vand K

SIMANC TI405 User Manug!
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INC Inerement BCD (INC) adds 1 to the binary coded decimal value in the
specified V-memory location. Flag SP63 ig set if the location is incremented
to zero. Flag SP75 is set if the value is not a BCD number.

x1
| INC
"—‘J | V130
Key Sequence
el 1w e eIl y L3 03 10 1T e 10mr]
Valid Data Types: v

DEC Decrement BCD (DEC) gsubtracts 1 from the binary coded decimal value in
the apecified V-memory location. Flag SP63 is set if the location iz
decremented to zero. Flag SP75 is set if the value is not 8 BCD number.

ml DEC —o
| V2640
Key Sequence
[swerlp JE e Jeamil v JE 2 18 12 ] I | ey ]
Valid Data Types: v
SIMATIC TI405 Usar Manual BCD Instructions 14-5

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com



Chapter 17
Binary Instructions

A L e e e 17-2
ADDBD (M35 ORIy ..o e i e e e e 17-2
11 - 17-3
SUBBD (THB5 ONly) ..o i s 17-3
UL L e e e e 17-4
I P 17-4
0 17-5
] = 17-5
SIMATIC: TI405 User Manual Binary Inetructions 17-1
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ADDB ADD Binary Word (ADDB) adds a 16-hit binary value from a V-memory
location, or a 16-bit constant, to the value in the accurmulator, The result is
atored in the accumulator. Flags SP63, SP66, SP67, SP70 and SP73 are set
according to the result.

—— ADRDB ——

. I
[ KaA567

Key Sequence
Lem lixwa |l 1 1L BNy ]
Lano lleHer || o jiswrylfccoms | & [ s |1 ¢ JL 7 JLENT)

Valid Data Types: Vand K

ADDBD (T1435 Only) ADD Binary Double Word (ADDBD) adds a 32-bit binary constant value, or
the value from two consecutive V-memory locations, to the accumulator. The
result is stored in the accumulator. If a V data type is used, the lower
16-hits come from the specified V location, and the upper 16-bits from the
next higher V location, Flags SP63, 5P66, SP67, SP70 and SP73 are set

according to the result,
|x1| —~— ADDBD -
Eey Seguence

Lapo Jlawrr)l g JU o Flener U v J0 3 J0 3 JL s JL 2 Jlenrl

Valid Data Types: Vand K

17-2 Binary Instructions SIMATIC: TI405 User Manual
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SUBRPp Subtract Binary Word (SUBB) subtracts a 16-bit binary conztant value, or a
16-bit value from a V-memory location, from the value in the accumulator.
The result is stored in the accumulator, Flags SP63, 5P64, 5P65, and SP70
are set according to the final result.

— SUBE ——
| v2200

Key Sequence
[awn Jleem ) T Err IO I 2 J0 2 e 30 J[enT]

Valid Data Types: Vand K

SUBBD (T1435 Only) Subtract Binary Double Word (SUBBD) subtracts a 32-bit binary constant
value, or the binary value from two consecutive V-inemory locations, from
the accumulator. If a V data type is used, the lower 16-bits come from the
specified V loeation, and the npper 16-bits from the next higher V location.
Flags SP63, SP64, 8P66, and SP70 are set according to the result.

xi — SUBBD

.h_l ! V3131

Key Sequence
Comm ] Exmid 3 3 et
[oup Jlsarri(C e 10 0 JleurIy O3 Iy I3 101 1{Ea]

Valid Data Types: Vand K

SIMATIC TI405 User Manual Bircary Instructions 17-3
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MULB Multiply Binary Word (MULB) multiplies the value in the acenmulator by a
16-bit binary value from a V-memory location, or a 16-bit constant. The
result is stored in the accumulator. Flags SP63 and SP70 are set according
to the result.

xt
— MULB —

..___‘ { va463

Key Sequence
[Bagy J{awer 1l & dlwwev 1w Ja 350 "e J[ 8 J[Enr]

Valid Data Types: Vand K

DIVE Divide Binary Word (DIVB) divides the value in the accumulator by a 16-bit
binary value from a V-memory location, or by a 16-bit binary constant. The
result is stored in the accumulator, Flags SP53, S8P63, and SP70 are set
according to the result.

x1 ___DIVB ___

0—‘ l Va3 i ]

Key Sequence
Cov 1lanmlCa eIy 2 303 10z 14 1(eNr]

Valid Data Types: Vand K

17-4  Binary Instructions SIMATIC: TIH05 Usar Marual
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Increment Binary (INCB) adds 1 to the binary value in the specified

INCB
V-memory location. Flag SP63 is set if the location is incremented to zero.
X1
b —— INCGB —
[ Va3
Key Sequence
Lam | ixea )l 1 ! BNt )
farr ]l 10w J ¢ 1o Flanm Il v 10 3 [ 2 31 s 10 a 1[ent)
Valid Data Types: Vv
DECEB Decrement Binary (DECB) subtracts 1 from the binary value in the
specified V-memory location. Flag SP63 is set if the location is decremented
to zero.
X1I — OECB ——
l V4856
Key Sequence
EE] e JCE 1Ce e Jewmlly JCa J1Cs JCE s JCENT )
Valid Data Types: v
SIMATIC TI405 Usear Manucal Binary instructions 17-5
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Chapter 18
Encoding and Decoding Insfrucfions

BIN L e e 18-2
2 5 18-2
] A D 18-3
I L 18-4
BB S L. e e e e e e 18-5
| 18-6
HT A (T3 Ny . ot e e e e vt e e 18-8
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Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com



BIN Convert BCD to Binary (BIN) converts the contents of the accumulator to &
binary value from an eight digit, binary-coded, decimal value. Flag SP75 is
set if the value is not a BCD number.

X1 e BIN =

|

I
Key Sequence
(o7 ] Exmn ) 3 ) Cent |
Lem ] (o]
Valid Data Types: nons

BCD Convert Binary to BCD (BCD) converts the binary value in the accumulator

into an eight digit, binary-coded, decimal value. Flags SP63 and SP70 are
set according to the result. '

I X1 BCD —

Key SBequence
(ecp] (Tl

Valid Data Types: none

18-2  Enceding and Decoding Instnactons SIMATIC TI405 User Manual
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ENCO Encode (ENCO) returns to the accumulator a five-bit binary number
indicating the bit position of the bit that was set to a one. If the original
contents of the accumulator is either 0000 0001, ar G000 0000, a value of 0 is
returned. If more than one bit is on, SP53 is set and the pogition of the

rightmost on bit is returned.

I)“I — ENCO
|
Accumuiatar
LEMMEJ&I&&MQQ’Q&I olojoloiolojoloiolololoiofolalo
BT A332p22z222222021111 11 11
098763 22223876 badc109876543210
Y
p——,
Accumulator Aftar 168 4 2 1
lDfDIOIUIOJOIOIulololulolnlolo]ol lo|0|o|0|o|o|u|o‘olo|ol1[1|o|0]1|
BINARY VALUE
OF 25

Key Sequence
el =3 w1 I J (T

Vahad Data Types: none

SIMATIC TI405 User Manual Encoding and Decoding Instructions  18-3
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Decode (DECO) takes a five-bit binary number (0—-31) from the accumulator
and sets the corresponding bit position to a one. If the original number in
the accamulator is larger than 31, the number is divided by 32 untii it is

less than 32, then the remainder is encoded.

DECO

l’“! — DECO —
[ ]
Accumulator Before
168 421
|o|o|nloJu|o|o|0(0|0|ololoio|o|o| |u|u|ﬂ|0|oio|o|olo|n]ul1_|o|1|o]1‘
x._.,,_...z
Accumulator
|o|o|o|o!olo|o| lolo|1|u|ol0|olo, MMMMM
BT 332222222222111 111111
S0 222EzE2% 00676 243%1009876543210
Key Sequence
arrll p e 10 e Il e JlENT]
Valid Data Types: none
SIMATIC 11405 User Manual
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3EG Convert to Seven-segment Display (SEG) converts a four-digit hexadeesimal
number in the aceumulator into the 32-bit pattern required to produce those

numbers on seven segment displays.

Xt
— SEG —

Before

Accumulator
lolu‘oi jo|o|0|n ololole olololo, 'u|o|o|o|1|1|o|o o|o|1|o|1]o|o|o|

Actumulator /
After

Lu_LLu_LLu_LLLuJ latalolal stolatslolalalal falals
- b a —-giedcba-gfadcba

8 L .
el o o

I,_D

ol

Key Sequence
(] I 1o J[ el

Valid Data Types: none

SIMATIC Ti4056 Usar Manual Encoding and Dacoding Instructions
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ATH

18-6

Encoding and Decoding Instructions

Convert ASCII to Hexadecimal (ATH) converts a table of ASCIT values to
hexadecimal numbers, The number of V-memory locations oceupied by the
ASCII table must be in the first stack register, and the V-memory starting
address of the ASCII table must be in the accumulator, The Vememeory
address used with the ATH instruction 15 the starting address of the hex
table. Since eight bits of memory are required to store each ASCII character
and only four bits are needed for sach hex number, the hex table 15 half as
long as the ASCH table. In the example, LD K4 sets the langth of the ASCII
table, and LDA Q2500 indicates that the ASCII table starts at location

V2500,

S

— LDA ——
Q2500

— ATH .-
V2000

Eey Sequence
(o] Kicaidl Ca 1 ]

Valid Data Types: v

NOTE: The ASCII table length must be a hexadecimal number.

SIMATIC TI05 Ussr Manual
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ASCI TABLE HEX TABLE

| T — |
Vesoo 33 38 Az |3
I — . .'
4 32 7 : 9 4 : 1
v2im . '
b1
| |
Va502 34 H
l C
Vo503 37 29

V2000

V2o

The ATH instruction will correctly convert only the ASCII values listed in

Table 18-1.

Table 18-1  Valid ASCH Values for ATH Conversion

ASBCIE Character ASCH Hex Value Converted Hex Digit

30

81

a2

33

84

35

36

37

a8

39

41

42
43
44
45

HiEy Dol g|le| o] w]inl=]e

IR Rl Rel B R R I - A L B KR R )

46

SIMATIC. TI405 User Manual
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HTA (TI435 Only) Convert Hexadecimal to ASCII (HTA) converis a table of hexadecimal
numbers to ASCII values. The number of V-memory locations occupied by
the hex table must be in the first stack register, and the V-memory starting
address of the hex table must be in the accumulator. The V-memory address
used with the HTA ingtruction is the starting address of the ASCII table.
Sinee only four bits of memary are required to store a hex number, but eight
bits are required to store each ASCII character, the ASCII table is twice as
long as the hex table. In the example, LD K2 sets the length of the hex table
as two V-memory locations, and LDA 04150 indicates that the hex table
starts at location V4150,

x1 LD

—1 |

4

A —

HTA
V4200

Key Sequence

) @RI 5 0]

Lip Jhoooesl | 2 1{ ENT ]

Co Jiswer)la J0oer )l 4 10 v JC 5 JCT o 10EnT]

(ewer?i o J0 * 1L A Jlepee]l v 0 4 [ 2 [ o (e Jiew]

Valid Data Types: vV

NOTE: The table length must be a hexadecimal number.

18-8  Encoding and Decoding Instructions SIMATIC 11405 User Maniual
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ASCII TARLE

Va150

va1s1

SIMATIC: TI405 User Manual

} ¥
v . 34 46
: 5 —— }
42 Y
¥ ¥
a9 44
¥ !
31 33

V4200

V4201

V4202

V4203

Encoding and Decoding Instructions
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Chapter 19
Table Instructions

Bl L e e e e 19-2
FIND (435 Only) .. e e i e e 19-3
FOGT (T3S MY . e i et e e e 19-5
DLBL (T3 MY e e e e e 19-7
NCON (130 MY ) o e e e i e 19-8
ACON (TS NIy . i i e e et 19-8
MOV (T8 ORIy e e 19-9
TTD T3S NI o e e e e e e s 19-10
REB (IS Ny i e e e e e 12-11
L T e L T A S 19-12
RFT S Ny i e e e e 19-13
E T K T | 19-14
SIMATIC TI405 User Manual Table Instructions 191
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FILL Fill V-memory Table (FILL) fills a range of V-memory locations with a value.
The first stack register must contain the number of consecutive V-memory
locations to be filled. The acenmulator must contain the V-memory address
of the beginning of the range ta be filled. If the fill instruction is used with a
K data type, the range is filled with that constant. If used with a V data
type, the range is filled with the contents of that V location. In the example,
the LD K6 specifies a range length of 6, The LDA 03104 specifies that the
range starts at V3104. '

x1 "
) |
| Ke
e L DA —
3104
4678 V3104
V3600 / 4678 V3105 ALL —
py 4678 V106 V3600 4
4678 V3167
\ 4678 V110
4678 v3iit
Key Sequence
ot ] (Eae 1 T 1 ()
e ke o ][]
Cep 1) Ca JEpsi Ty 107 10 JC s sl
el F Il S L T Gy 10 3 10 s J{ o JL o 1iewr]

Valid Data Types: Yand K

NOTE: The number of locations to be filled value must be s hexadecimal
numher,

19-2 Tabia instructions SIMATIC TI405 Usar Manua!
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FIND (Ti435 Only)

SIMATIC TI405 User Manual Table Irnstructions

Find Value (FIND) searches for a value in a block of V-memory. The second
stack register must contain the length in octal of the block to be searched.
The first stack register st contain the starting V-memory address of the
black. The accumulator must contain the offset into the block from which
the search is started. The offset to the first memory location that matches
the find data is returned in the accumulator. If the FIND instruction is used
with a K data type, that constant is used as the search value. If used with a
V data type, the contents of that V-memory location is used as the search
value. In the example, LDA 010 zets the length of the block as 10 (octal).
LDA 02100 indicates that the search block gtarts at V2100. LD K2 specifies
an offaet of 2, s0 the actual search starts at memory location V2102, The
value to search for is found in V3142, Flag SP53 is set if the value is not

found,

—— LDA

— =

— LDA ——
Q2100

—— FIND ——
Vai4z ——%

Key Sequence

I e Jlam)
G e J0e 10em]

Co ] T 16
Cop I{shrrlf & JE
(b} &6 2 1 (e

[eer il e v 1w 1o ] [ewr ) B8

La I+ s 0 2 Hlewm)

Valid Data Types: Vand K

NOTE: The offset for the start search must be 8 hexadecimal ﬂumber.

19-3

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com



Actumulator
2
Stack Rogister
= >
2100 —=—f= V2100
10
Accumulator
e ]
Y _J
G595
V2107
verez
19-4 Table Instructions SIMATIC TI405 Usar Monual
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FDGST (11435 Only) Find Greater Than (FDGT) zearches a block of V-memory for the first value
greater than the search value. The first stack register must contain the
length of the block to be searched. The accumulator must contain the
starting V-memory address of the block. The offset to the first memory
location whose value equals or exceeds the search value is returned in the
accumulator. If the FDGT is used with a K data type, that constant iz used
as the search value. If used with a V data type, the contents of that
V-memory location is used as the search value, In the example, LD K6 sets
the length of the block as 6 V-memory locations. LDA (1410 indicates that
the search block starts at V1410, The search value is found in V2000,

x1
LD

LDA
410

—— FDGT ———
V2000

Key Sequence

Op Jkeorll s [ aal]

O a e T3 I s 103 10 10

] e JE p Il 0 J0C 7 Jlewrm)E v 02 J0 o J o I e J[&NF]

Vahd Data Types: Vand K

NOTE: The block length parameter must be a hexadecimal number.

SIMATIC TI0S User Manual Tabla Instructons 19-5
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19-6

Table instructlons

Accumulator
Accumulator
2012
Stack Register 3160
6 az70
4711
Vi4ib 8033
V2000 3162
SIMATIC TI405 User Manuc)
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DLBL (T1435 Only) Data Lahel (DLBL) instructions are loeated after the end instruction and
mark the start of either an ASCII or numeric data table. Up to 64 DLBL

instructiona may be used.

_ enp)
\ENEI -

—— ACON -
DLBL K1 A XY

—— NCON cm—

DLBL K2 i

Eey Sequence

(] CeNT]

e 1O L 10 e 102 Hooomd[ 7 J0EnT]

]  J0 o e Ji_o likcomiz 1 En]
][ 1 c Il o 0w Jmesdll+ 12 [ 2 J[s 1[er]

Valid Data Types: K(1-FFFF)

SIMATIC TId05 User Manucl Table fretuctions 19-7
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NCON (71435 Only) Numerie Constant (NCON) is a numeric eonstant used with the DLBL
instruction to store tables of numeric data, Up to four digits can be stored
with each NCON instruction. Multiple NCON instructions may be used

with one DLBL.
Valid Data Types: K (0-FFFF)

ACON (11435 Only) ASCII Constant (ACON) is an ASCII constant usad with the DLBL
instruction to store tables of ASCII data. Either one or two characters can
be stored with each ACON instruction. If only one character is stored, a
blank space is inserted in front of that character. Multiple ACON
instructions may be used with one DLEL.

Valid Data Types: AAZ 0-9)

19-8 Table Instructions SIMATIC TI405 User Manual
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MOV (Ti435 Only) Move Table (MOV) moves a table of 16-bit words. The first stack register
specifies the table length. The accumulator holds the table source address.
The MOV instruction provides the destination address. The example moves
gight words starting at V4100 to a table starting at V5240.

'x1| D
T | ] K
v4100 1372 |—= 1372 V5240
4736 [ W 4736 LDA
9214 [—W= o244 04100
7362 [ 73g2
1499 — 1489 . MDYV
1937 [P~ 1937 V5240
0406 [ 0408
vato7 1956 ™ 1956 | vsze7
Key Sequence
Lan_lkcom| & [ eny |
Cen Jiawrr ][ a_JElomm i a 11 1o 1[0 J{mr]
e w 1o 10y IEemi (v 10w 103 1 1 0w
Valid Data Types: Vv
NOTE: The table length parameter must be a hexadecimal number.
SIMATIC TI405 User Manual Table Instructions 19-9
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D (Ti435 Only) Table to Dastination (TTD) moves a value from a table to a V-memory
location, and increments the table pointer. A move and increment vceur
during each scan for sz long as the associated input is on. When the peointer
reaches the end of the table, it resets to the first position. The first stack
register holds the table length. The accumulator specifies the starting
address of the table. The TTD instruction provides the destination address.
The first location of the table is used to store the table pointer, that is the
offset into the table of the next entry to be moved. The example sets a table
with six data words. The table pointer is located at addreas V3100. The data
words are each moved 1n turn to V4140, When the table pointer equals the

table size, flag SF56 is set.

x1
I LDA ——
&*
. 08
V2100 1 Table Pointer LDA
3714 Q3100
1260 V4140
p—
7421 LLL
V4140 e
4zt
V3106 1342
Keyv Sequence
[amm)ixme]l 1 11 &)

Lo syl a Jloct ) s Jlenr]
Ol Ca eI T 1 e JE e [t
O 1 eIy JC 101 10s 1o 1)

Valid Data Types: v

19-10  Table Insfructions SIMATIC TI406 User Manual
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RFE (TI435 Only) Remove from Bottom (RFB) moves a value from a table to a V-memory
location, and decrements the table pointer. A move and decrement occur
during each scan for as long as the associated input is on. Operation stops
when the table pointer decrements to zero. The first stack register holds the
table length. The accumulator specifies the starting address of the table.
The first location of the table is used to store the table pointer, that is the
offset into the table of the next entry to be moved. The example sets a table
with six data words. The table pointer is located at address V2360, The data

words are each moved in turn to V3350, Flag SP56 is
pointer iz zero,

et when the table

X1
LDA
] e
V260 6 Table Pointer ™
4372 02360
1409 V3350
3099 1742
2417 AFB
v33s0
4321 1
V266 1742
Key Sequence
Lavn Ilxma 10 1 |0 eg)
Lip J[emerdil a Jloer)C 2 1[0 2 [ s 10 o 17 eEny]
leepex il g JLF JC 8 Jlanm ]l v 30 3 J[ s 10 5 J[ o J(eqa]

Valid Data Types: v

SIMATIC TI408 User Manuo!
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STT (TI435 Only)

19-12 Table Instructions

Source to Table (STT) moves a value from a V-memory location to a table
and increments the table pointer. A move and increment occir during each
scan for as long as the associated input is on. When the pointer reaches the
end of the table, it resets to the first position. The first stack register holds
the table length. The accumulator specifies the atarting address of the tabie.
The STT instruction provides the source address. The first location of the
table is used to store the table pointer, that is the offset into the table of the
next entry to be written to. The example sets a table with eight data
locations. The table pointer iz located at address V4560. The data words are
moved from lecation V2360. When the table pointer equals the table size,

flag 5P56 iz set.

X1
l LDA
T l | 010
Tahla Pointer 10 Vasen
LDA
Q456G
V2260 ST
|2 V2360

4852 V4570

Key Sequence
Camm ) B (30 (B
(T Y e e T

O Jlawr i a Jlos )¢ 111 (em)
el @ M1 T Iy Iz 103 10s e 10Eer]

Valid Data Types: Vand K

SIMATIC TI40E User Manual
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RFT (TI435 Only)

Remove from Table (RFT) pops a value from a user-defined stack, and stores

it in a V-memory location. The first stack register specifies the maximum
length of the stack. The accumulator specifies the stack starting address,
that is occupiad by the stack pointer, The stack pointer contains the current
number of values on the stack. If the stack length is zero, operation stops.
The example sets up a stack with space for six values. The stack pointer is

located at V5320. Values popped from the stack are written to location

V3160, When a value is removed from the top of the stack, all other values

in the stack move up to the next memory location toward the top of the

stack. Flag SP56 is set when the table pointer is zero.

2374

7492

1437

1974

VE326

Eey Sequence

Cexe J () (5] Coar )

—  LDA —
06
Stack Pointer
LDA
V3160 03320
2374
— RFT ———
V3160

Cwo JenrrdlC a Jlogrdl e

It gt 1

Cap Jisuer it A liger i ¢ J[ 3 JE 270 o |lenxl)

Valid Data Types:

SIMATIC 11405 Usar Manuct!
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ATT (Ti435 Only) Add to Top (ATT) pushes a value onto a user-defined stack from a V-memory
location. The first stack register specifies the maximum length of the stack.
The accumulator specifies the stack starting address, that is occupied by the
stack pointer. The stack pointer contains the eurrent number of values on
the stack. If the stack length reaches the maximum length, operation stops.
The example sets up a stack with space for six values, The stack pointer is
located at V5320. Values pushed onto the stack are read from V2220. When
a value is added to the top of the stack, all other values in the stack move
down to the next memory location away from the top of the stack. When the
table pointer equats the table size, flag SP56 is set.

X3 LDA

4932 ‘ 05320
T
7452
1974 ;I va220

vE326

Key Sequence
O EmI T a Weer 1 s 13 1032 1[e JCent]
A JC 1 J0 T J{ewer b v T1 2 TC27 07 2 [ o il oww]

Valid Data Types: Vand K

19-14 Taoble Inshuctions SIMATIC. TI405 User Manual
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__ Chapter 20
Stage Instructions

2 20-2
] C 20-2
AP e e s 20-3
MM e e e 20-3
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15

20-2

Hage Insthuctions

Artisan Technol

Initial Stage (ISG) indicates the first segment of a machine stage program
made active when the TI4056 CPU is switched to RUN mode. In the example,
initial Stage 50 is active until X1 is turned on. This allows a transition to
t‘:‘»taga 51, that becomes active at the same time initial Stage 50 becomes
inactive.

X1

Key Sequence

Ceia ] [saai] [ o ) [ewr ]
Lawe lasal] 1 [ ser]

Valid Data Types: 8

Stage (8G) indicates any segment of 4 machine stage program, except the
initial stage. Stages are inactive until activated by a JMP or SET from
another stage. Stages become inactive when reset with an R8T instruction,
or a JMP is made from the current stage to ancther stage. In the example,
Stage 51 turns on output Y1 until X2 closes and a jump is made to Stage 52,

(oo —— —={2]
©R)

1

Key Bequence
(on | (our ) Bon) 31 (et
[am J[E6T 2 ] (et

Valid Data Types; s

SIMATIC TI405 Usear Manuc
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JMP Jump to Stage (JMP) makes a transgition from one program stage to another
when the transition conditions are true. The stage being jumped from is
made inactive, and the stage being jamped to is made active. In the
example, a jump from Stage 51 to Stage 52 is made when X2 is on.

4
(oot} |}
Key Sequence
Valid Data Types: 5

NIMP NOT Jump to Stage (NJMF) makes a transition from one stage to another
when the trangition conditions are false. The stage being jumped from is
made inactive, and the stage being jumped to is made active. In the
example, & jump is made from Stage 53 to Stage 34 when X3 ison, or a
jump is made to Stage S5 when X3 is off.

|mi JMP
Loeaf—] |
NJMP
Ll oos |
Key Sequence
I ) G | 1 l
{owe gl 4 [ eny |
(o iime | [saayil & | 6wy
Valid Data Types: 8
SIMATIC TI05 User Manual Stage iInstructions  20-3
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Chapter 21
Program Control Instructions

e 21-2
B P e e 21-3
GOTO/LBL (T35 ONly) ..t e e i i it e 21-4
FOR/NEXT (T30 Ny . e e r i i s iaaas 21-5
e LR 1 K L 5 21-6
SBR (T35 ONlY) .. e i 21-7
RICI3SEONNY) .o 21-7
AT T3S 0Ny L e 21-7
= 21-8
DSl o e e e 21-8
] 21-9
BRI ot e e e e 21-9
| 219
ML ML o et e e e e 21-10
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PAUSE PAUSE turns off the specified range of physical output points. Only the
actual output module points are turned off; the image register is not
affected. In the example, if X1 is turned on, all outputs are disabled.

YO Y477

X1
'S [ | (E‘MSD—&

Key Sequence
e Jame)l 3 1[Eny )

7T ] I T e
Corrtbeorn) o Jfeeum T 17 10 7 (]

Valid Data Types:; Y

21-2  Program Contral InstrucHons SIMATIC TI405 Usar Monual
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STOP The STOP instruction switches the PLC to the program (PGM) mode when

its input is on, This turns off all outputs.

[ (i
\-.HSTDP

Key Sequence
Do) (e ) O3 CERT)
EE AT I E 1[mr]

Valid Data Types: none

SIMATIC Tia05 User Manual Frograrm Control Instrucfions

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com

21-3



GOTO/LBL
(TI435 Only)

21-4  Program Control instructions

When its input is on, Go To Label (GOT(Q) causes program execution to skip
all instruetions until a LBL is found. Program execution resumes with the
instruetion following the LBL, Up to 128 GOTO instructions may be used in
one program, but only 64 LBL instractions may be used. Error E412 results
when these limits are exceaded.

X2 K1
(GOTD)—«
X2 Y2

LBL K1

Key Bequence

isiETll o Il o |l ¥ [ o Jlgoomi[ + || ewr]|
Lour | lyoumni 2 ][ ENT ]

fawrr il L il o J0 & Jkcomi[ 1 Jioa]
Il |70 | I Tl

Valid Data Fypes: K (1-FFFF)

SIMATIC TI405 User Manuo!
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FOR/NEXT
(T435 Only)

When the input to the FOR instruction is on, the instructions between the
FOR and the NEXT are executed the numbher of times specified by the ¥
value used with the FOR. If the input is off, the instructions between the
FOR and the NEXT are not executed. If the input is turned off after the
FOR/NEXT loop is started, the loop continues to execute for the specified

nurnber of times.

Since the normal program scan is suspended while the FOR/NEXT loop is
active, immediate I/O points must be used inside the loop, or no /O updates
are made. It is usually necessary to use a RSTWT instruction inside tha laop
to reset the watchdog timer, and to prevent a software timeont.

FOR/NEXT loops may not be nested within other FOR/NEXT loops. Up to
64 FOR/NEXT pairs may be used in your program. Error E413 results when
this limit is exceeded.

program sxecution when
X1 Ka X1is ON

Key Sequence

] Do 1 1 (e ]

ERCr 1 Jr e k4 (o]
(ot Hawrp) [ w_ 11 v |(Encl

sy il w J0 e 10 x 1L 0]

Valid Data Types: K {(D-9999) and V

SIMATIC Ti405 User Manucal Program Confrol Instructions  21-6
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GTS (TI435 Only)

When the input to Go To Subroutine (GTS) iz on, program execution jumps
to the subrontine (SBR)} with the same identifying number. After the
subroutine has executed and returned, program execution resumes with the
next ingtruction after the GTS. Up to 128 GTS instructions may be used
with up to 64 SBR instructions. Error E412 results when these limits are

exceeded. Nesting of up to 8 levels is supported.

K1
(e ) +

\ 618 )

’
SBR Kt
x2
| | )
| \FTe/
(=)
\F/ /7%
Key Sequence
]l e JL T J[ 2 Jkeom| 1 ILev]
[eno J [enr ]
EeD CE 0T 30 ¢ e |
e Ca ) T3 Y ewr)
Valid Data Types: K (1-FFFF)
SIMATIC: TI405 User Manual
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SBR (11435 Only) The ingtructions following a Subroutine (SBR) instruction are executed
whenever the GTS instruction with the same identifying number is active.
The SBR instruction must be located after the end instruction, The last

instruction in a subroutine must he an RT.

Valid Data Types: K (1-FFFF)

RTC (T1435 Only) When the input to the Conditional Subroutine Return (RTC) is on,
subroutine execution stops at that point and a return is made to the
program that called the subroutine. When the input is off, subroutine
execution continues past the RTC.

Valid Data Types: none

RT (Ti435 Only) Unconditional Subreutine Return (RT) is always the last instruction in &
subroutine. The RT returns program execution to the program that called
the subroutine.

Valid Data Types: none

SIMATIC TI405 User Manual Program Confrdd Instructiors  21-7
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ENI After the input to Enable Interrupts (ENI) is turned on, inputs from the
interrupt module cause immediate transfer of program execution to the
corresponding interrupt routine. Interrupts may be disabled with the DISI

ingtruction.
X1
| | {era)
| | \ENI/
Key Sequence
[am.] e
[ETL A i T
Valid Data Types: none
DIsI After the input to Disable Interrupts (DISI) i turned on, inputs from the

interrupt module are disabled and interrupt routines are not executed.
Interrupts may be enabled with the ENJ instruction.

x1
} l -(;I’:J]Sl
Key Sequence
[t Co 315 Iy 1 (e
Valid Data Types: none
21-8 Program Contrel Instructions SIMATIC TI405 User Manuoi
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INT

IRTC

IRT

When an input is made on the Interrupt (INT) module, and interrupts have
been enabled with the ENI instruction, the interrupt routine number that
corresponds with the input point is executed immediately. The INT routine
must be located after the END statement, and must end with an IRT
instruction.

INT 001

x1
S E—t

(i)

Key Sequence

(oo 1 (o)

[T | e ] v e -y | o | T
[egrrdl 1 I m Iy 1 g el
el Ca 1 10T J0ENT]

Valid Data Types: 0 -7

When its input is on, and the Conditional Interrupt (IRTC) iz reached,
execution of the eurrent interrapt routine halts and program execution
returns to the main program. When its inpit 18 off, interrupt routine
execution continnes past the IRTC.

When Interrupt Return (IRT) is reached, execution of the current interrupt
routine halts, and program execution returns to the main program. An IRT
must be the last instruction in an interrupt routine.

SIMATIC: TI405 User Manual Program Control Instructions 21-9
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MLS/MLR The Master Line Set (MLS) iz used in combination with the Master Line
Read (MLR) to enable and disable sections of ladder logic by establishing
new levels of left power rails. The original left rail is thought of a8 master
line 0. When an MLS K1 instruction is used, it starts a new master line at.
level 1. Master lines can be used to nest left power rails up to seven lavels

deep.

Figure 21-1 illustrates how the MLS/MLR instructions operate. Figure 21-2
is the actual RLL program for this example.

In the example, the state of X0 controls all of the cutputs between the MLS
K1 instruction on the first line, and the MLR KO instruction on the next to
last line. Figure 21-1 shows the apparent operation of this cirenit. An MLS
is always paired with an MLR that has a K value one less than the MLS.
For example, MLS K2 on the second line is paired with MLR K1, and
defines the region of the program controlled by X2, The MLR K1 returns
control to the master line at level 1: the left rail extending down from the
point of the MLS K1 en the first line in Figure 21-1. An MLE KO always
returns control to the original left power rail, Since the line ending in Y16 is
below the MLR KO instructien, the state of Y16 is controlled by X186, and is
not affected by any of the Master Line Set instructions.

X0 controls the aperation of Y1 through Y15, since it determines whether or
not the nested master lines receive any power flow from the original left
rail, X2 controls the power flow to master lines 2 and 3, and thus controls
the operation of Y3 through Y10. X5 determines whether or not power flow
ie passed from master line 2 to master line 3 and controls Y6 and Y7. Since
master line 3 13 nested the deepest in this example, the state of Y7 is
dependent on the state of X0 and X2 and X5 and X7. If any of these four X
inputs are open, there is a break in power flow between Y7 and master line
0, that is the original left rail and the source of all power flow.

21-10  Program Conirol Instructions SIMATIC Tid05 User Manual
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Xa ¥4

X5 MLS X6 Y&

48
"
T/

i

A
)i

Figure 21-1 Opwercttion of MLS/MLR Instructions
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Key Sequence

Las jigeeoeml [ 1] [en |
Lout Ihsounil 1 |Leny |

Do J et [ 2 11 enT |

CafR ) G ) (3 J{wiv ]

Cout ] boem) (51 [

Lour |hryouni L4 11 enx ]

Lmg Ihgeoml L o |1 enr |

Coxa ) G s 1 Dot )

Cour ] bl s ] D]

Lovy Phounll 7 _|[ ey )

(R koo ] 2 || ewvl

Covy Jiveamid T+ 1o Jlenm ]
(ap ) KSR [ 11 T ]

Coy J sl [ 2 10 5 1)
T T R T

Cour 1 fiouil T3 1 s 1 CERT ]

Valid Data Types: MLS K1-K7
MLR K0-K7

21-12 Program Confrol Instructions SIMATIC TI305 Usar Manuct
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X0 ' K1

x1 Y1

e
[

j.
X
1

X4 Y4

X& h (]

1
i%\

X1i6 Y16

Figure 21-2 MLS/MLR RLL Example
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Chapter 22
Program Support Instructions

e S 22-2
4 22-2
A 22-3
1 22-4
NP . e 22-4
] O 22-5
DLBLM4350nh) . ........... e e e e e 22-5
MOVMC (T35 Only) ..o i i e e 22-6
0 22-8
L 229
S 22-10
X e e e e e e 22-12
L 22-14
1 T 22-15
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SET Set Image Register Range (SET) turns on a range of points in the image
register. If any of the set points are used as outputs elzsewhere in the
program, they continue to be controlled by program logic.

X2 Yo 7

— | (se)—1

Key Sequence
Camm ) G (2] ()
[=er ) bt T ) bregtmil (7] (Ceny )

Valid Data Types: XYC, S and GX

RST Reset Image Register Range (RST) turns off a range of points in the image
register. If any of the reset points are used as outputs elsewhere in the
program, they continue to be controlled by program logic.

X2 cO Ca
i I o)
| ] \RST T/ -
Key Sequence
(et [eeml (o] [eeml e 1 [y
Valid Data Types: XY C 5 TCT and GX
22-2  Program Support instnuctons SIMATIC TII05 User Monual
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SR

Shift Register (SR). When a low to high transition is seen on the clock input
(), the current on or off states of the contaets in the chain defined by the
two C numbers in the SE box are shifted o the next higher contaci. The
state of the data contact (D) ig shifted into the first contact, and the
previous state of the last contact is lost, Closing the reset contact (R) turmns
off all the contacts in the chain,

The first contact in the chain must start on an interval of § (0, 10, 20, 30,
etc.) and the chain must span a multiple of 8 contacts. This produces ranges
such as C0 to C37, C10 to C17, or C30 to C67. Remember that all control
relays aTe numbered in octal, so the numerals 8§ and 9 are not used. ¥ your
application does not require an even multiple of 8 control relays, the
remainder can simply be ignored.

c1

5P4

FROM: C1p
X3 TO: c17

Key Sequence

T | T | e T

[amn Jlopci ) 4 (et

Can lleieml T3 e JEemil 1 107 )

Valid Data Types: C

SIMATIC Ti405 Usear Mantal Frogram Support instructions  22-3
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PD Positive Differential (PD) turns on for one scan each time its input makes a
low to high transition. This produces a pulse, or one shat.

Xz Y?
| (v
Key Sequence

() 2] o] (eney ] freouml (7 ) (o]
Valid Data Types: XY and C

NOP No Operation (NOP) represents an empty program location.

J (NOP

|

Key Sequence
(weerll n Jl o [ P JlEm]

oTr

[an] Cma)

Valid Data Types: none

2-4 Program Support Instructions SIMATIC TI405 User Manual
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END End of Program Scan (END) terminates the program sean. The executahle
portion of your program must use an END as its last instruction. Omitting
the END instruction results in BRROR E4** N0 PROGRAM. Data constant
area, subroutines and interrupt routines are located after the END

instruction.

Key Bequence
[esp JCenT )

Valid Data Types: none

LDLBL (T435 Only) Load Data Label Address (LDLEL) loads a DLBL reference number to the
acenmulator. This instruction is used with MOVMC to move data from s
data label area of program memory to V-memory.

Valid Data Types: K (1-FFFF)

SIMATIC TI405 LUser Manual Frogram Support Inshructions 22-5
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MOVMC
(Ti435 Ondy)

Move Data Label Area to V-memory (MOVMC) is used with LDLBL to
trangfer data from a DLBL area of program memory te V-memory. It may be
used by itself to transfer data from V-memory to a DLBL area of program
memory. The second stack register holds the length in words of the memaory
block to be transferred. The first stack register holds the offset from hoth
the data label in program memory and the beginming of the V-memory
block. The accumulator holds the source address and the MOVMC
instruction provides the destination address.

The first example shows moving 12 (octal} words of memory from DILBL K2
to a V-memory block beginning at V2010, The data is read starting at an
offzet of 2 from the data label, and written starting at an offset of 2 into the
V-memory block. The second example shows moving 6 words of memory
from a table beginning at location V5100 to DLBL KA. The data is read
starting at an offset of 14 (octal) into the V-memory table and written
startimg at an offset of 14 from the data label.

Key Sequence

i JE I 1] [Ent])

L Tlerr]l a1 Foer 1073 1 Cent ]

[ep Jleier Il o 1o J v Tkicomn( 2 1M evr )
laver )l e I0 o I v I & . Jl & |

Iy I 1 13 e 1Cest ]

[ o I{sger ]t A Jloer il & JL 1 JC o J[ o J[ewr]
[serr](m 1 e 1l v J[w I ¢ JhiSo [ 3 J[ENT]

Valid Data Types: V and K (1-FFFF)
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MOVMC Move Data Label Area to Vomemory (IMOVMUC) is used with LDLBL to
(T1435 Only) transfer data from a DLBL area of program memory to V-memory, It may be
used by itself to transfer data from V-memory to a DLBL area of program
memory. The second stack register holds the length in words of the memery
block to be transferred, The first stack register holds the offset from both
the data label in programm memory and the beginning of the V-memory
block. The aceumulator holds the source address and the MOVMC
mstruction provides the destination address.
The first example shows moving 12 (octal) words of memory from DLBL K2
to a Vememory block beginning at V2010, The data is read starting at an
offzet of 2 from the data label, and written starting at an offset of 2 into the
V-memory block. The second example shows moving 6 words of memory
from a table beginning at location V5100 to DLBL K3, The data is read
starting at an offset of 14 (octal} into the V-memory table and written
starting at an offset of 14 from the data label.
Key Sequence
Csr1] O Cen)
O ey 1Mo 1o Thicosi [ 3 ] Cent |
tanrr )l M 11 o 1i vy Il s 10 ¢ 1
Lo j{sdrr il A jlseril_s [ enr]
o Jismer ][ A JEesr s 303 100 100 e
[err ]l w 1 o J[ v J[w " c Jkicom[ 3 [Bol
Valid Data Types: V and K (1-FFFF)
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¢ | onz

LDA
D2

Program Meamory
to V-mamory — [DLBL —
Transfar

— MOVMC —
V2010

~— LDA —

— | os

O14 ] *

V-mamory o
Program Memary LDA
Transfer
Q5100

— MOVMC  -—
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RD: Read Data Frem Intelligent /O (RD) reads a block of data from an
intelligent module into V-memory. The first stack register specifies the base
(0-3) and slot {0-7) where the module is located. The second stack registér
specifies the number of bytes to be transferred (1-128). The accumulator
gpecifies the shared RAM address, in BCD, of the intelligent module. The
V-memory address used with the RD instruction indicates the first tocation
where the data is to be stored. In the example, LD K0206 specifies that the
module is in base 02, slot 06. LD K4 indicates that four bytes of data are
transferred. LD KO indicates that the sharad RAM iz at address 0, RD
V2120 means that the four bytes of data are stored in V-memory locations
V2120 and V2121.

X1
LD

$—o_ | kozos  |——t

Lo

&b

RD
V2120 iy

Key Sequence

(am ] Cemn ]l 2 I enr]

Lo Jkeooop| o |1 .3 I o 1] &« J[ewy]

Len Tkcostl] 4 | gy ]

L ligeoenl| o ][ gny ]

Eerl e e 1EeMICy 1z 1 12 1 J0En !

Valid Data Types: v

NOTE: The number of bytes to transfer parameter must be a hex number
(1-80).
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wi Write Data To Intelligent /O (WT) writes a block of data to an intelligent
module from V-memory. The first stack register specifies the base (0-3) and
slot (0—~7) where the module is located. The second stack register specifies
the number of bytes to be transferred (1-128). The accumulator specifies the
ghared RAM address, in BCD, of the intelligent module. The V-memory
address used with the W instruction indicates the first location where the
data to be written is to be stored. In the example, LD K0002 specifies that
the module is in base 00, slot 02. LD K6 indicates that six bytes of data are
transferrad to the module. LD KO indicates that the shared RAM is at
address 0. WT V3310 means that the six bytes of data are read starting at
memory location V3310, and then written to the module.

X1 LD

"——j ! Koaoz

& b

L

Vazio

Key Sequence

[am | [emn][ 5 71 enr |

Mo e Te e 1Mo 17 1[Ew!

(o bkecoe (e} [ B }

Lo JKeowd "¢ [ ENr]

) Cw I G Yy s 103 I 1 1enr)

Valid Data Types: Vv

NOTE: The number of hytes to transfer parameter must be a hex number
{1-80).
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RX Read Data From Network (RX) reads data from another PLC through a
network communications module. The first stack register holds the slot
number (—7} and the slave station address (in BCD). The second stack
register holds the number of bytes to be transferred. The accumulator holds
the address of the first V-memory Iocation where incoming data is written.
The address used with the RX instruction specifies at what location in the
slave PLC the reading of data begins. In the example, special relay SF120 is
uszed to prevent this instruction from exeeuting if the communieations
module in slot 00 is busy. LD K0013 indicates that the moduie in slot 00 is
used to communicate with slave station 13, LD K4 specifias that four hytes
are read. LDA 04140 specifies that incoming data is written to memory
starting at address V 4140. RX V3620 means to start reading at memory
location V3620 in the slave PLC.

Key Sequence

e (mor el T3 12 10 [ ma]

CEOEEE e 1Ty IO 1z 1aa)

L Jkioowi| 4 |[ewv )

Co sl A lloer I3 10« e JCERT]
Csnerdl e JE X Slgwrrll oy 303 107 J0 2 10 J0Em}

Valid Data Types: XY CTOTGX, VSFand S

NOTE: The number of bytes to transfer parameter must be a hex number
(1-80).
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x1| S}P120 b
"—{ | J/l’ KOD13
LB
K4
LDA
04140
RX
V3620
Receiving Slave PLC
PLC Station 13
V4140 3605 o ———— 3605 V3620
V414 0137 ] 0137 V3621
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wXx Write Dats To Network (WX) writes data to another PLC through a network
communications module. The first stack register holds the slot number (0—T)
and the slave station address (in BCD). The second stack register holds the
nmimpber of bytes to be transferred. The accumulator holds the address of the
first V-memory location where the outgoing data is stored. The address used
with the WX instruetion specifies at what location in the slave PLC the
writing of data beging. In the example, SP124 ts used to prevent this
inatruction from executing when the communications module in slot 02 is
bugy. LD K0211 indicates that the module in slot 02 is used to communicate
with slave atation 11, LI} K6 specifies that six bytes are written. LDA
02012 specifies that outgoing data is read from memory starting at address
V 2012, WX V5176 means to start writing at memory location V5176 in the
slave PLC.

Key Sequence

T 57T |

Lane (Lnoy [feree ] 3 (2 J1{ & J[eiv]

Lep ikcoenll ¢ M 2 10 7003 JEm]

Lip Jkcoi[ s 1 ent ]

Lip Jisurr il A |[oer iz 1] L3 3z Jeerl
Eawrr 1w { % J(emrr )TV I 103 107 JCs J0ET)

Valid Data Types: XY CTCT.GX, V5P and$

NOTE: The number of bytes to transfer parameter must be a hex number
{1-80).
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X1 SP124

Sy S

&b

LDA
o2mz2

V5178 —-—?

Transmitting Siave PLC
PLG Statiaon 11
V2012 4361 - 4361 VB176
V2013 5172 —————f- 5172 V5177
veotd | 3313 I 2313 V5200
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FAULT Display Fault Message (FAULT) displays & V-memory value or ASCII
messzage on the MIU. If a V data type is used with the fault instruction, the
four-digit value from that memory location is displayed. If a K data type is
used with the TI435, the ASCII message (of up to 23 characters, stored with
the corresponding DLEL) is displayed. If a K data type is used with the
TI425, the specified constant value is displayed. In the example, whenever
X1 makes an off-to-on transition, TI435 is displayed on the MIU. An error
code is also stored at address V7751. If a V data type was used, the
four-digit code from that location is stored at V7751, If a K data type was
used, the K value is stored at V7751.

F —
- AULT

T‘ | ] K1

L —\CEN[D———o

ACON —

DLEL K1 T —
— ACON —

435 ¢

Key Sequence
EEC e JCa 10 v 0y 17 tkcomT 1 ) (o)
(e ] (it )

(ETTa | I | T S ) | 7 e T
il a I e 10 e 10w JT0asa) (s 1l em]

Valid Data Types: TE425 V and K (0-FFFF)
TI435 V and K (1-FFFF)
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RSTWT

Reset Watchdog Timer (RSTWT) must be used if a portion of the program,
such as a FOR-NEXT loop, canses an extengion of the scan time. If not, an
E003 5/W TIMEOUT may occur.

X1 K10

| \LFOFL;,

| G

Key Sequence

meal e ) o 10k tkeom T3 10 e 10enT])
(e l{emer ][ w §[ 7 jl=wr]

[ T | | e =T

Valid Data Types: none

NOTE: The RSTWT instruction must follow the FOR mstriuction.
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Appendix A
Number Systems and Codes

Al N Y BINS . .. ... . . it reiiccrcmnrcamacarrmreraraea e A-2
I =g 4T AT ] o T A2

BNy NUI IS L ..o i e s e s rm e e r e e A-2
Binary Coded Decimal NUMDeIs . . ... e e e A-3

LA T (o | A T 2 A-4
HexXadaeCimal NUM OIS . .. ..t e e et e et et e e A5

A2 B | e . T A-&
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Al Number Systems

Dacimal Numbers

Binary Numbers

The TI405 instruetion set uses four positional numbering systems for
specifying numeric operands and constants. The Decimal and Binary Coded
Decimal (BCD) number systems are used in numeric eonstants. The Qctal
nurnbering system is used to specify V-memory addresses and sequence
numbers for stages, timers, counters, and other data types. The
Hexadecimal number system is used for boolean and logical arithmetic
operations, and for numeric constants.

Our ysual numbering system is decimal. This nurmber system is based on
raising the digits to the power of ten associated with the digit’s pesition. For
axsaanpie, the number 592 is the representation for the sum of the following.

2x 1= 2x 1= 2

0% 101= B9 x 10= 90

bx102= & = 100= 500
592

In the decimal number system, there are ten possible values for each digit,
ranging from Q to 9.

The binary number system has two possible values; 0 or 1. The position of
the binary digits also represent raising the value to the corresponding
power of two. However, since the value eannot be more than one, the result
is the power of two for that positien. For example, the binary number 1101
is the representation for the following.,

o

x

b

I
I ek R gk
XK X
oo e b
oo
bl e o

Each binary digit position is referred to as a bit. The TI405 instruction set
has instructions to perform arithmetic and logical operations on 16-bit and
32-bit binary values.

A-2 Number Systams ond Codes SIMATIC TI05 User Manwucl
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Binary Coded Binary Coded Decimal (BCD) numbers were developed to be easily

Decimal Numbers recognized by humans, but in a form that CPUs could easily process. BCD iz
often used to enter data from a thumbwheel awiteh inte the CPU as shown
in Figure A-1. The BCD values are listed in Table A-1.

1 20=1

0 21 =0

5 1 22 =4
b 0 23=0

5

Figure A-1 BCD Quipit from a Thumbwheel Switch

Thumbwheel switches are often in groups of four digits that represent
sixteen BCD bits, the size of the CPIJ ward. See Table A-1 for a list of binary
coded decimal values. Although & BCD digit is in binary form to the CPU,
only the values from 0000 (0) to 1001 (9) are valid BCD numbers. The T1405
instruction set contains several instructions for performing arithmetic and
logical operations on BCD values. Please refer to Chapter B for more details.

Table A-1 Binary Coded Decimal Values

Decimal BCD | Decimal BCD
¢ 0000 5 0101
1 0001 ;1 0110
2 0010 7 0111
3 0011 8 1000
4 0L00 9 1001
SIMATIC 11405 Usar Montial Number Systermns and Codes A-3
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Number Systems (continued)

Octal Numbers In the Octal number system, each digit can have eight possible values, from
0 to 7. Each digit position value is multiplied by a corresponding power of
eight. For example, the octal number 127 is the representation of the sum of
the followng.

Tx8 Tx1= 7
2x 8= Zx8= 16
1x82= 1x64= 64
B7
Table A-2 lists octal equivalents for the decimal numbers 0~19. The TI405
system uses the octal number system for the addresses of data types. For
example, Timer 10 is the eighth timer and Stage 11 is the ninth stage.
Table A-2 Decimal/Octal Equivalents
Decimal Octal Pecimal Octal
[1] 0 10 12
1 1 11 13
2 2 12 14
3 3 i3 15
4 4 14 16
51 5 15 17
6 L1 16 20
i 7 17 21
B 10 18 22
9 11 19 23
Binary numbers are readily converted to octal numbers by grouping three
binary digits as shown in Figure A-2.
¢ 100 100 111 101 001
H"_J k"‘_‘:'_-"_i h_"-_v-'_“‘ E_'-T‘._d &2-'___"%—.—-" L_v.—-:‘
] 4 4 7 5 1
Figure A-2 Converling Binary to Octal
A4 Number Systams and Codes SIMATIC TI408 User Manual
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Hexadecimal In the hexadecimal number system, each digit ean have sixteen pessible

Numbers values, from 0 to F. Each digit position value is multiplied by a
corresponding power of sixteen. For example, the hexadecimal number 127
is the representation of the sum of the following. Table A-3 lists hexadecimal
equivalents for the decimal numbers (-15.

Tw=160= Twx 1= 7
Dwll= 2% 16= 32
1x162= 1 x 256= 256

295

Table A-3 Decimal/Hexadecimal Equivalents

Decimal Hexadecimal I
0 3
1 1
2 2
3 3
4 +
b &
6 6
7 7
8 8
9 f
10 A
11 B
12 C
13 D
14 E
15 F

Binary numbers are readily converted to hexadecimal numbers by grouping
four binary digits as shown in Figure A-3, Hexadeecimal numbers are easier
for humans to work with than binary numbaers,

0100 1001 1110 1001,,
'¥_ -
9

el
’
.‘I
e
e
© <
i
-
F-a

Agure A-3 Converling Binary to Hexadecimal
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A2 ASCIl Code

You ecan store ASCII code values in your ladder logie programs with the
ACON ingtruction. Table A-4 lists the ASCII character codes. The ASCII
control codes, listed in Table A-5, can be used to send protocol sipnals ta the

receiving device.
Table A-4 ASCIl Character Codes
"ARCIT Hex ASCIT

spece 20 @
! 21 A a L
" 22 B b 62
# 23 C ¢ 63
% 24 D d 64
% 256 E e 65
& 26 F f 66
' 27 G g 67
{ 28 H h 68
) 29 I i 69
* 2A J j 6A
+ 2B K k 6B
, 2c L 1 6C
- 2D M m 8D
. 2E N n 6E
/ ar O 0 &F
0 80 P p 70
1 31 Q q 7
2 32 R r 72
a 83 ] 5 73
4 34 T t 74
o a6 U u 75
6 a6 v v ({3
7 37 w w 77
B as X b 4 78
9 30 ¥ ¥y ™
BA A z A
; 3B [ { 7B
< ac \ | 7C
= 3D ] ) Ky
> 3E A - 7E

? 3F -

A-& Number Systems and Codes SIMATIC 11405 User Manual
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To use the upper-case alphabetic characters, press [age 1 followed by the A-Z
keys. To use any of the other ASCI values like punctnation characters,
lower-case alphabetic characters, or the control codes, you must use the
hexadecimal value. For example, to store the message “#2 Failure**” that is
2332204661696C7572652A2A in hexadecimal, enter the following key
sequences,

RN

lgwrrll e S0 1T 8 30 0 JEcomil 1 [ B0

vl w e (o JCn JEGE =2 103 JC2 305 1(erl

batiEri{ v M ¢ Jl o [ v tkegmdl 2 JI o |1 & 1 s jloal
G W e Ile J[ v JkcomslTe JT 4 1 [ J0d]

eyl M ¢ Il o Il v licomil o J[ewey|lcewm |[ewer][ 7 J[ s i[enr]
Eem] W 1 e I o JCw lkecom7 12 1 10w 10ET]

(e i (=1 (5 30w ) fcom T2 ) Gt Cadin | Comr] [z ] (afr |

Cagn ) Cenr )

Table A-5 ASCI Control Codes

EQT 04 sl OF 5UB 1A
ENGQ 05 DLE 10 ESC 1B
ACK 08 DGt 11 FS 1c
BEL 07 DC2 12 as 1D
BS - 08 DC3 13 RS 1E
HT o9 | bpca 14 us 1F
LF 0A § NAK 15 DEL 7F
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Appendix B
Instruction Set Summary

B.1
B.2

B.3

SIMATIC TIZ06 User Manual

InstructionSel Index ..........cccvieriniererrecarcriitanratesatattasasaannrnnnnnn B-2
InstrucHON QPO . ... ... iiiiiiarrrrrea e araaamaaairaans B-3
(730 (= L= 1= i 1o L OO B-3
Word Operands ...... D R B-3
InstrucHon SUMMAIY . ..ciiinrnriiiesnnorsreccaamaaaansstssrsrsosssarsssnrnrnmnsn- B-4

Instruction Set Summary B-1

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com



B.1 Instructions Set Index

L CNT 12-6 215 0-2, 106
DEC 16-5 20-3 10-3
DECB 17=3 224 11-2
DECO 184 03, 10-5, 13=10 19-12
DISI 21-8 163
prv 164 173
DIVB 174 17-3
DIVE* 14-0 163
DIVS 154 14-8
DLBL* 19=7 153
ENCO 183 14=13
END 22-5 12-2
ENI 21-8 124
FAULT Z2~14 12-5
FDGT* 19=5 12=3
[FILL 192 1910
FIND* 193 12-8
FOR* 21=3 229
GOTO* 214 22-12
OTS* 21=6 13=i}
[HTA" 188 1211
INC 16-5 14-12

NOTE: Instructions indicated with * are TI435 only.

Bb-2 Insiruction Set Summary SIMATIC TI405 User Manual
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B.2 Instruction Operands

Discrete Operands The TI405 inatruction set uses eight discrete operand types as listed in
Table B-1. Each of the types represent a relay ladder logic contact that can
either be on ar off.

Table B-1 Discrate Operand Types

I Symbol I Deosgcription ,

X Input
Y Output
C Control Relay
5 Stage

8p Special Relay

GX Remote 1/0
T Timer

CT Counter

Word Operands The TI405 instruction et uses six word operand types as listed in Table B-2.

Each 16-bit word represents a corresponding value or code in the associated
number base or ASCII code system.

Table B-2 Word Operand Types

Syimbol Description
Program Memory Address {Octal)
Variable Memory Addreas (Octal)
Pointar (Octal)

Conatant {Decimal or Hexadecimal)
Octal Constant

ABCII Codes

Plol Al d]e

SIMATIC TI405 User Manual instruction Set Summary B-3
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B.3 Instruction Summary
High Speed Boolean Functions
Instruction Symbaol Short Dascription
STR "|_ ... Store
n=X, Y, C, 5 T CT, 8P, GX
STRN Y .- Store not
OR ) |n} b Or
n=x Y, C, 8 T CT, 8P GX
ORN l i‘ . Or not.
n=X, Y, C, 5, T, CT, BF, GX "n )
AND I R Y B And
n=X, Y, C, 8, T, CT, SP, GX } ==
ANDN n And not
n=X.Y, C, 8, T CT SP, GX +-H-—J/P-- -
AND STR EEN IR And st
I . "I l‘ ¥ ..._l | store
[o-1|
1 J—
ORSTR Or store
OUT el Out
n=X, Y, C, GX ~ "T)+
oroOUT | ____._. @Hom)_ Out (OR type)
=% %G 0 OROUT
B-4 Instruction Set Summary SIMATIC TI05 User Manual
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Comparative Boolean Functions

Instruction l Symbol

I Short Deacription
- ——

n nn
STRE =---- Btore if squal
n=V nn=V, K
ORE SR EEEE Or if aqual
n=VY nn-V, K N _t_T
ANDE A
n=V on=V,K +_] | - —d =p—--- And if equal
STRNE A nn
n=v nn=V, K 3—---- Store if not equal

ORNE _ | | e Or if not agual
n=v nn=V, K n on
ANDNE . .. r: :MI . And if not equal
n=Vv nn='V, K + | |
STR - =“|"_ . Store if greater or equal
n=T, CT,V m=V, K {2 parameters)
OR J]--e---- Or if greater or equal
n=T, CT, V nn=V, K n (2 parameters)
AND } N E "l o And contact if greater or equal
n=T, CT,V nn=V, K + || (2 paramaters)
STRN e e - - - Store i contact if leas than
n=T, CT,V nn=V, K {2 parameters)
ORN - l- - Or if less than (2 parameters)
‘l"l=T, CT, Vv nn-\f, K nom
-
n 1]
ANDN - . N And contact if less than
n=T, CT. V nn=V, K + l I H_| < |_ (2 parameters)
SIMANC TI405 User Manual Instructon Set Summary B-5
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instruction Summary (continuad)

Immediate Fonctions
Insiruction Symhol Short Description
| ——-__ ik _
STRI o Store immediately
\b T ---
STRNI %n Btore not immediately
+—< Tj—---
ORI Or immediately
OBRNI Or not immediately
-| :I R
¥n
I/l
ANDI And immediately
r—
ANDNI n And not immediately
+-| -
OUTI v Out immediately
----- —{Coum
OR OUTI
T @HQWD_ Qut (OR type) immediately
¥n
----- -@nmm
SETI n=nn
..... _CSET')_" Set range of hita
RSTI ~
L (:tS'T'I) | Regzet range of bits
LDIF . | UDIF = Xn | Load bita from modules to
I K I accumulator (TT435 Only)
OUTIF i QUTIF = Xn | Outpot bita from accumulator to
T ! Ko | modules (TI435 Only)
B-& Instruction Set Summary SIMATIC. TI405 User Monual
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Timers/Conntars

Instruction Svimhbal Short Description
—_—— e A, - - - -
™R ™A = Tn .1 sec titner
[} ]
T™MRF | . [TMRF— ™ ] | .01 ape timer
nn
TMRA .1 sec timer with reset
e — TMRA &
T
e ) P
TMRAF | .01 sec timer with resat
=rcc =  TMRAF
T
R I oA
CNT 1 Counter with reset line
T T GNT
c:
e S
sccnr BECNT=CTh Counter reset with RST
mw
une PR e Up/down counter
-e--—o &
B
s n o m—

Short Deseription

LD n Load word to accumulator
n=V, P K
_____ Lop
LD " Index load word
LP¥
nx ] T vn Load octal address word
SIMATIC Ti405 User Manual Instruction Set Summary

Artisan Technology Group -

Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com




instruction Summary (conlinued)

Acenmulator Data Manipulation (continuad)
Instruction | Symhbol Short Description
h === - - P
_____ thA
LDA on Load octal addrese word
_____ our '
OUT n Output lower word to V-memory
o auUTo
OUTD n Output double word to V-memaory
locations
_____ OUTx
OUTX vn Indexed Qutput to V-memory
..... AND
AND vn AND single word with acenmulator
_____ ANDD
ANDD n AND double word with accumulator
_____ oa
OR Vn OR gingle word with aceumulator
_____ ORD
ORD n OR double word with accwumulator
[ — ' - xo" .
XOR [ vn | XOR single word with accumulator
_____ XORD A
XORD I n | XOR double word with accumulator
_____ oup
CMP Vin I i Compare single word with accumulator
_____ CWFD |
CMPD l n | Compare doubla word with accumulator
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Bit Manipulation

Insiruction ! Symhol Short Description
F soM | _"—_:'_T Em in aceumulator
SBEFR | .. SHFR BShift acewmulator right
n
SHFL. | SHFL —= Bhift accumulator left
ROTR | ROTR Rotate aceummulator right
n
ROTL ROTL Rotate sceumulator left

LDF LDE — n Load bits to aceumulator (TI435 only)
oUTRFRF | ... OUTE= n Output bita from accumulator
I Koy | ! (TI435 only)
ADDF | ADDF = 1 Add valne of apacified number of bita to
| Knn ] ‘ acenmulator (TI485 only)

SUBF . guBF = n | Subtract value of specified number of
[ Knn l bits (T1435 only)
MULF o MULF— n | Multiply value of specified mumber af
l Knn l bits by accumulator (TI435 only)
DIVF L. OVE = n | Divide accumulator by value of apecified
| Knn ’ number of bits (T1485 only)
ANDF | ANGE— | AND value of specified number of bits
| wnn | with accumulator (TI435 only)

ORF } . ORE — n OR value of apecified number of bita
Knn I 1 with acsurnulator (TI435 only)
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Instruction Summary (confinued)

Bit Manipulation (continnad)

Instruction I Symbol | Short Description

XORF XORF— n XOR value of apecified number of bits
Knn with accunmulator (TT435 only)

CMPF CMPE— n Compars value of spacifiad number of
""" | K I t bite with accumulator (TT1435 only)
psx. LOBX Load aceumulator with data offset from
Kn DLBL (T1435 only)

Accamulator Stack Instructions

Instruction | Symbol l Short Description
rOP . _E’ Fop accumulator stack

ADDE | _ _I—Lm‘,_" Add top of stack to accumulator

suBs | ____. _flmhl_" Subtract top of atack from accumulator
muLs | _'E_" Multiply top of stack with accumulstor
brve | ... w Diivide top of atack with aceumulator

CMPS [ T Compare top of stack with accumulater

INv. 1 ‘I_I—w‘lh1 One’s complement of saccumulator
BCDCPL. | I: BODGRL ] \ 10's complement of accumulator
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BCD Operations

Insiruection Symbol Short Description
~apD | ADD |BCD 4 digit addition =
Vn
ADDD | AbOD BCD 8 digit addition
#
0 sUB BCD 4 digit eubtraction
vn
107210 S sUBRD BCD 8 digit subtraction
n
MUL. ML BCD 4 digit multiplication
n
ov. 1 Div BCD 4 digit division
me ING BCD increment V-metnory
Vn
Dec 1 DEC BCD decrement V-memory
Vn
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instruction Summary (continued)

Binary Operations

Instruction Symhbaol Short Deacription
ADDE | ADDE Binary word addition
n
ADDEBD | ADDED Binary double word addition
SsUBBE 1 supe Binary word subtraction
n
suBpD | _____ SUBED Binary double ward subtraction
I n , ‘
MULE | . MULE Binary multiplieation
pove 1 DB Binary division
INCEB o INGE Binary increment V-memory
vn
DECE | pece Binary decrement V-memory
n
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Encoding and Decoding

Instruction Symbol 8hart Description
T ——— — =
BN | . Al_ij"T BCD to binary
BCD 1 _E]_T Binary to BCD
ENCO ENCO Encodes pogition of the firat 1 bit in the
_____ | ] aceumulator
DECO | l—_— bEco :I Dacode the encoded code inte acenmulator
s8¢ | .. __ _i_ij_‘ Accumulator to 7 segment display
ATH L _LATH_]_' ASCIF to hex (TI435 only)
Vn
HTA | . HTA Hax to ASCII (TI435 only)
Vin
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tnstruction Summary {confinued)

Table Functions
Instrnetion Symbol Short Deacription
[—————————————
FILL. AL Fill table with value
n
FmND 7 FIND Find value in tabie (T1435 only)
FT ﬂ Find greater than or equal (TI436 only)
DLEL ! Data label reference (TI435 only)
NCON | NEON ! Hexadecimal table (T1435 only}
| Kn |
ACON o ACON L ASCII table (TT435 only)
l An I
Mov. | _1—..:,_" Maove table (TI435 only)
¥n
T™ ™ | Move from table, increment pointer
| ™ | (TI435 only) :
RFE o RFE i Move from table, decrement pointer
L w 7 |musey
o A &TT Source to table, iherament pointer
n (TI435 only)
RFT I _ . RFT Remove (pop) from top of data stack, move
vn toV :
arr 3 ATT Add (push) to top of data stack a V value
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§

Instruction I Bymbol Short Description
e —— e
I8G i P | Initial stage
5G ! Stage
JMP 8n Jump
G
NJMP &n Not jump
.- ~—<NJMF‘>—+
Program Control
Instruetion Symbol I Short Dascription
STOP Change PLC to program mode |
.- e -—CETGP )—+
PAUSE Yr—¥an Diaable range of cutputs
---- PALISE
GOTO Kn Go to instruction following LEL
een- ,_,__@m (TT435 only)
LBL : Label of GOTQ inetructions (TI4356 only)
LB Hn
FOR o Run loop X times (TI435 only)
- ( ron )_*
NEXT Signifies end of For/Next loop (TI435 only)
o %m
GTS - Go to subroutine (T1435 only)
R GT8
RTC Conditional subroutine return (TI4335 oniy)
R ——-—-(Frrc
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Instruction Summary (continued)

Program Control (continued)
Instruction Symbaol Short Dascription
SBR ' Bubroutine label (TT435 only)

RT Uneonditional subroutine return

o ,_CRT )—4. (TI435 only)

ENI Enable interrupt
---- —(m)—u

DIST ' Disable interrupt
- —<cusc>—<-

IRTC Conditional interrupt return
s

INT ! Interrupt routine label

IRT Unconditional interrupt return
---- —-—(lm
MLS K Master line set.
(e
MLR ¥n Maeter line read

B-16 Instruction Set Summary SIMATIC TI405 User Manual

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com



Program Support

Instruction I Syvinbol

Short Description

PD n Positive differential (ohe ahot}
nt Y, C (D
SET n—nn, Set range (latch)
non=X Y,C,8GX | = ----- -—((sET )
RST ne-nn Reaets range (unlatch)
=X, LC8TCLEX| 0 —(rem )
SR S L Contro! relay shift register
e -3
FR: Cn
TO; Cnn
- R
NOP No operation
- o - - a—{_noF )—+
END End program
----—{ = }—+
LDLBL . LonBL Load table lahel used with MOVMC
Kn (TI435 only)
MOovMC @ @ MOV Tranafer V-memory to/ffrom memory
n cartridge
10 B RO Read block from intelligent module
Vn
wr . wT Write block to intelligent module
Vn
RX 1 ... " Receive communication
n=X, Y, C, T, CT, GX, n
V, 8P, §
wx | . Wy Transmit communication
n=X Y, C, T, CT, GX, n
V, 8P §
FAULLT E FAULT:’ ’ Show message on display
n=V, K n
R3ITWT o :amw-r: | Reset watchdog timer
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Appendix C
Error Messages

No Error Code When you press a key, the MIU display reflects your entry. If there is no

No Message message displayed in the MIU and the PWR LED is lit, it is probably eaused
by electrical noise or a CPUI hardware failure. To correct this situation, cycle
the system power. If this problem continues, replace the CPU.

EOOT The probable cause of a fatal error is CPU hardware failure. 8P51 ia on

Fatal Error when this error is detected, and the specific error code is stored at address
V7755. To clear the error, you shouid cyele the system power, If the problem
persists, replace the CPU.

E0D3 When the program scan time exceeds the software watchdog timer setting,

5/W Timeout an S/W Timeout error message appears in the MIU display. SP51 is on when
this error is detected. The specific error code is stored at address V7755. Ta
clear the errer, first check the program. Pay special attention {0 FOR/NEXT
loops and subroutines. Add RSTWT instructions as necessary. You can also
inerease the watehdog timer setting by using AUX 55,

EDQ4 This message indicates that memory was changed by elactrical noize or by

Bad Instruction hardware failure, SP44 is on when this error is detected. The specific error

(MAa35 only) code is stored at address V7755. To clear the error, cycle the system power
and use AUUX 21 to check your program’s syntax. Correct the program where
necessary. If that does not work, clear the memory and reload your program.
If the problem persists, replace the CPU.

E041 If the CPU battery voltage falls helow 8 volts, an error message appears in

CPU Balfery Low the MIU display. SP43 is on when this error is detected. The specific error
code is stored at address V7757. To clear the error message in the display,
press [sia]. Replace the battery within one week.

E043 If the memory cartridge battery voltage should fall below 3 volts, this

CPU MC Baltery massage appears. SP43 is on when this error is detected. The specific error

Low code is stored at address V7757. To clear the error, press [a 1. To avoid

(Ti435 only) memory loss, copy the contents of the memory cartridge before replacing the
battery.

EO99 When the compiled program exceeds the size of CPU memory, this message

L Mem Exceaded is displayed. SP52 is on when this error is detected. The specific error code
is stored at address V7755, To clear the error, reduce the length of your
program,

E101 This message is displayed when the memory cartridge has failed or is

Ne CPUMC missing from the TI435 CPU. SP44 is on when this error is detected. The

(MN435 only) apecific error code is stored at address V7755, With the power off, install a
functioning memory cartridge in the CPU. ‘
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Error Messages (confinued)

E104
Wirile Failed

E151
Bad Commend

E155

RAM Memory
Fallure

(11435 only)

Ez"
Diag Error AUX 42

E201
Terminal Block Off

E202
Missing 1/0 Module

E203
Blown Fuse

E206
User P/5 Fallure

E250
/0 Chain

-2 Error Massages

This message may be displayed when the memory cartridge being used is
write-protected, or when the memory cartridge has failed. To clear the error,
first set the jumper inside the memory cartridge te the unprotected position.
If that is not successful, replace the memory cartridge.

iIf a parity error is detected in the program memory, this error message is
displayed. SP44 is on when this error is detected. The specific error code is
stored at address V7755, To clear the error, first correct the corrupted
program location. If that is unsuccessful, clear the memory and relead the
program. If those actions do not ¢lear the arror, replace the memory
cartridge.

This message is displayed to indicate the occurrence of a RAM checksum
error. 5P44 is on when this error iz detected. The specific error code is
stored at address V7755. This error may be caused by a low battery,
electrical noise or a CPU memory failure, Check the CPU battery and reload
your program. If the preblem persists, replace the CP1.

An I/O module error is the probable canse of this error. SP54 is on when this
error i detected. Use AUX 42 to determine the specific error.

When the terminal strip on an I/} module is loose or missing, this error
mesgage is displayed. SP45 is on when this error is detected. The specific
error code is stored at address V7756. With the power off, install a terminal
strip on the indicated module,

If an I/0 module is out of place in the base, the MIU display indicates that it
is missing. 8P45 is on when this error is detected. The specific error code is
stored at address V7756. With the power off, install the O modules in the
correct positions.

This message indicates the presence of a blown fuse in the output module.
5P45 is on when this error is detected, The specific error code is stored at
address V7756. With the power off, replace the output module.

When the output module user power supply voltage is too low, this message
appears. SP45 is onn when this error is detected. The specific error code is
stored at address V7756. To clear the error, adjust or replace the user power

supply.
This message is probably caused by a failed base or connecting cable. 5P45

is on when this error is detected. The specific error code is stored at address
V7755. Check your connections, and, if necessary, replace failed hardware.
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E252 If the I/0 arrangement differs from the ¢onfiguration stored in the system

New I/O CFG memory, this error message appears. SP45 is on when this error is detected.
The specific error code is stored at address V7755. To clear the error, corract
the arrangement of the /O modules, or uge AUX 45 to record the new
configuration.

E261 This message appears when overlapping I/0 addresses have been manunally

170 ADDR Conflict assigned. SP45 is on when this error is detected. The specific error code is

(N435 only) stored at address V7755, Use AUX 46 to correct the I/O configuration.

E262 If an out-of-range IO addreaas is detected in the program, this error message

170 Out of Range is displayed. SP45 is on when this error is detected. The specific error code
is stored at address V7755. To clear the error, correct the I/Q address in the
program.

E263 When an invalid /0 address is manually configured, this error message

Out of Range appears. SP45 is on when this error is detected. The specific error code is

(M435 only) stored at address V7755. Correct the I/O configuration with AUX 46,

E264 If you use AUTX 46 to define the same 1/O point twiece, this error message is

Dup 1/O Red displayed. To clear the error, press (&l ], then enter an unassigned /O point

(M435 only) number.

E3 N Thiz message appears when a process code arror is detected during MIU

Comm Error 1 communication. SP46 is on when this error is detected. The specafic error
code is stored at address V7756, To clear the error, first press (@8] and
retry communication. If that does not work, check the network wiring. If the
problem persists, replace the CPUJ,

E312 This message appears when a data error is detected during MIU

Comm Error 2 communication. SP46 is on when this error is detected. The specific error
code is stored at address V7756. To clear the error, first preas [san] and
retry communication. If that does not work, replace the MIU. If the problem
perzists, replace the CPT.

E313 This message appears when an address error is detected during MIU

Comm Error 3 communication. SP46 is on when this error is detected. The specific error
code is stored at address V7756. To clear the error, first press[cin] and
retry communication. If that does not work, replace the MIU. If the problem
persists, replace the CPU,

E316 This message appears when a mode error is detected during MIU

Comm Error & communication. SP46 15 on when thiz error is detected. The specific error
code is atored at address V7756. To clear the error, first press fas] and
retry communication. If that does not work, replace the MIU. If the problem
persgists, replace the CP1J.
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Ermmor Messages (continued)

E320
Tirme Out

E321
Comm Error

E3460
Time Out

E‘ll
Neo Program

E401
Missing End

E4D2
Missing LBL
(M435 only)

E403
Missing RET
(N433 only)

E404
Missing FOR
(M435 only)

E&05
Missing NEXT
(M435 only)

-4 Error Messages

If the CPU does not respond to the MIUT within a given time, this error
message appears. To clear the ervor, first cycle the system power. If the error
message peargists, replace the CPU, and, if it still persists, replace the MIU,

This error message is displayed to indicate that the CPU did not respond to
an MIUJ request with either an ACK or a NAK. To clear the error, first try
cycling the system power, If the problem persists, replace the CPU, and
finally, if necessary, the MIU.

If the device connected to the MIU peripheral port does not respond within
the timeout period, this message is displayed. To clear the error, cycle the
system power, If the message persists, check the attached device and the
cable betwaen it and the MIU,

‘When a syntax error is detected in the program, this message appears in
the display. 8P52 ig an when this error is detected, The specific error code is
stored at address V7755, Uszse AUX 21 to run a detailed syntax check and to
dizplay the specific problem.

This message appears hecanse your program has ne END instruction. SP52
is on when this error is detected. The specific error code is stored at address
V7756. Enter an [eng ] instruction at the end of the main program.

This error message appears if you use a GOTO instruction without a
correspontding Iabel, a GTS instruction without an SBR instruction, or an
MOVMC or LDLBL instruction without a DLBL instruction. SP52 is on
when this error is detected. The specific error code is stored at address
V7755. To clear the error, pair all instructions that require labels with their
appropriaie matches.

This error message indicates a subroutine within the program that does not
end with the regquired RET instruction. SP52 15 on when this erroris
detected. The specific error code is stored at address V7755, To ¢lear the
error, add a RET instruction to the subroutine that needs one.

Using a NEXT ingtruction without a corresponding FOR instruction causes
this error message to appear. SP52 is on when this error i3 detected, The
specific error code is stored at address V7755. To clear the error, mateh all
FOR/NEXT instruction pairs in your program.

Using a FOR instrection without a corresponding NEXT instruction canses
this error message to appear. SP52 is on when this error is detected. The
specific error code is stored at address V7755. To clear the error, match all
FOR/NEXT instruction pairs in your program.
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E406 If there is an interrupt routine in the program that does not end with an

Missing IRT IRT instruction, this error message appears. SP52 is on when this error is
detected. The specific error code is stored at address V7755. To clear the
error, add an IRT instruction to the interrupt routine.

E412 When the number of SBR, LBL, or DLBL instructions in the program

SBR/LBL~&4 exceeds 64, this message is displayed. It also appears if more than 128 GTS

(T435 only) or GOTO instruections are programmed, SP52 is on when this error is
detected. The specific error code is stored at address V77556, Reprogram so0
that there are no more than 64 subroutines.

E413 When the number of FOR/NEXT instruction pairs in the program exceeds

FOR/NEXT=>64 64, this message is displayed. SP52 iz on when this error is detected. The

(1435 only) specific error code is stored at address V7755, Reprogram so that there are
ne more than 64 FOR/NEXT loops.

E41 If you use the same number with both an ISG and an 8G instruction, this

DUP SG REF error message appears. SP52 is on when this error is detected. The specific
error code iz stored at address V7755. To clear the error, reprogram either
stage with a different number.

E422 If you usze the same number with more than one SBR, INT, or LBEL

DUP SBR/LBL instruction, this error measage appears. SP52 iz on when this error is

(N435 only) detected. The specific error code is stored at address V7755. To clear the
eTToT, reprogram so that unique reference numbers are used with each
subroutine, interruapt routine, or label.

E423 When two or more FOR instructions are programmed without a NEXT, this

Nested Loops message is displayed. SP52 15 on when this error is detected. The specific

(T35 only) error code is stored at address V7755. To clear the error, reprogram so that
FOR/NEXT loops are not nested.

E4M1 If a stage is programmed inside a subroutine or interrupt routine, this error

5G Address message is displayed. SP52 iz on when this error is detected. The specific
error code is stored at address V7755, To clear the error, delete the stage
inside the subroutine or interrupt routine.

E432 If the LBL that corresponds to a GOTO instruction is placed after a

llegal Jump program's END instruction, an error message iz displayed. SP52 is on when

(Ti435 only) this error i2 detected, The specific error code is stored at address V7755. To
clear the error, reprogram the label into the main program,

E433 If you program a subroutine into the main program, this error message

SBR Address appears. SP52 is on when thiz error iz detected. The specific error code is

(M435 only) stored at address V7755. To clear the error, relocate the subroutine so that it
follow=z the END ingtruction,
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Error Messages (continued)

E434
RTC Address
(T435 onty)

E435
RT Addrass
(M435 only)

E436
INT Adchrass

E437
IRTC Address

E438
IRT Addrass

E440
Dala Address
(1435 onily)

E441
ACON/NCON
(M435 only)

E451
Bad MLS/MLR

E452
X as Coil

E453
Mizsing T/C

-6 Error Messages

This message appears when an RTC instruction is placed in the main
Program or in an interrapt routine. SP52 15 on when this error is detected.
The specific error code is stored at address V7755, To clear the error, delete
the RTC instruction.

This message appears when an RT instruction is placed in the main
PTOETAIN oT in an interrupt routine. SP52 iz on when this errvor is detected.
The specific error code is stored at address V7755, To clear the error, delete

the BT instriaction.

This message appears when an INT instruction 1s programmed into the
main program. SP52 is on when this error is detected. The specific error
code is stored at address V7755. To clear the error, relocate the interrapt
rontine 5o that it follows the END instruction. '

This message appears when an IRTC instruction i5 placed in the main
program or in a subroutine, SP52 is on when this error is detected. The
specific arror code is stored at address V7755. To clear the error, delete the
IRTC instruction.

This message appears when an IRT instruction is placed in the main
program or in a subroutine. SP52 iz on when thig error is detected. The
specific error code is stored at address V7755. To clear the error, delete the
IRT instruction.

Only ACON or NCON instructions may follow a DLBL. If a non-data
instruction is placed in a DLBL, an error message appears. SP52 is on when
this error ig detected. The specific error code is stored at address V7755. To
clear the error, delete the instruction.

An error message is displayed if an instruction other than an ACON or
NCON is programmed in a DLEL. SP52 is on when this error iz detected.
The specific error code is stored at address V7755. Delete the instruction to
clear the error.

MLS instructions must be numbered in consecutive, azcending order. An
error message appears if an MLS instruction is numbered out of order. To
clear the error, number MLS instructions in order,

This error message is displayed when an X I/0 address is used as an output.
To clear the error, reprogram using a Y, C, or GX as the output.

When a timer or counter contact is used with no corresponding timer or
counter, this message is displayed. Program timers and counters with the
same reference numbers as their contacts.
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E454 If one of the contacts is missing from a TMEA instruction, this error

Bad TMRA message appears. Program two contacts before the TMRA instruction.

E455 If one of the contacts is missing from a CNT or UDC instruction, this error

Bad CNT message appears, Program two contacts bafore the CNT instruction or three
contacts before the UDC instruction.

E456 If one of the contacts is missing from a shift register instruction, this error

Bad SR message appears. Program three contacts before the SR instruction.

E44) This ervor message indicates that more than nine levels of logic have been

Stack Ovilow stored on the stack. Check the use of ANDSTR and ORSTR instructions.

E452 This error message indicates that an unmatched number of logic levels have

Stack Unflow been stored on the stack. Match the number of ANDSTR and ORSTR
instructions with the number of STR instructions.

E453 If an STR instruction is not used at the start of a ladder logic rung, this

Logic Error arror message is displayed. Reprogram the rung to begin with a STR
instruction.

E464 This error messape indicates that a rung of ladder logic is not terminated

Missing CKT properly. Add one of the terminating instructions to the rung.

E471 If two or more OUT instructions use the same I/ address, an grror meassage

Dup Coil Ret is displayed. To clear the error, use a different I/0O address. (This error can
be ignored if the duplication was intentional.)

E472 If two or more timers use the same reference number, an error message is

Dup TMR Ref displayed. To ¢lear the error, reprogram using unique timer numbers.

E473 If two or more counters use the same reference number, an errer message is

Dup CONT Ref displayed. To clear the error, reprogram using unique counter numbers.

ES01 This message appears if an invalid combination of keystroles was input

Bad Entry before (mr 1 was pressed. To correct, press {¢ig ] and input a correct
sequence.

ES02 This message appears if you enter an out-of-range address. To clear the

Bad Address eTTOT, press and enter a correct address.

ES03 This message appears if you enter a non-exigtent instruction. Ta clear the

Bad Command error, press [etr ] and enter a valid instruction.
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Error Messages (continued)

ES04
Bod Ref/Vait

ES05
Invaiid Inst

E506
Invellict Oper

E520
Bad OP-RUN

ES21
Bad OP-TRUN

E523
Bad OP-TPGM

E524
Bad OP-PGM

E525
Keyswich

ES24
Off-line

E540
CPU Locked
(435 only)

E541
Wrong Pword
(NM435 oniy)

ES42
Pword Reset
(M435 only)

E&01
Memory Full

c-8 Error Massciges

This message appears if you enter an invalid nuember for use with the
selected instruction. To clear the error, press (€] and enter a valid number.

This message appears if you enter an invalid programming instruction. To
clear the error, press [(cwa] and enter a valid instruction,

This message appears if you attempt an operation that is invalid for the
MIU. To clear the aerror, press and enter a valid operation.

An error message appears if the attempted operation is not allowed in run
mode. Press[sif ] and change to the appropriate mode.

An error message appears if the attempted operation is not allowed in
test-run mode. Press[ewr ] and change to the appropriate mode.

An error message appears if the attempted operation is not allowed in
test-program mode. Press (G 1 and change to the appropriate mode.

An error message appears if the attempted operation is not allowed in
program mode, Press(an ] and change to the appropriate mode.

The keyswitch must be in the term position before you attempt an MIU
operation or an error message appears. Before retrying, press and
move the keyswiteh to the term position.

When this mesgage appears in the display, the MIU is set for off-line
operation. To select on-lne operation, use AUX 64.

This message indicates that the CPU has been locked against program
access. Use AUX 82 to unlock the CPU with your password.

I an incorrect password is used with AUX 82 1n an attempt to unlock the
CPU, an error message is displayed. Press [cug’] to enter the correct
password.

If an invalid passward is detected on power up, the password is reset to
00000000 and an error message is displayed. Press[Caan ] to clear the error.
Use AUX 81 to enter a new password, if desired.

If you attempt to program an instruction that requires more memory than is

available, an error message appears. To clear the error, decrease the size of
yoOur programn,

SIMANC 1405 User Manual
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E602
Inst Missing

E4D3
Data Missing
(T1435 only)

E6D4
Ref Missing

E610
Bad I/O Type

E620
Out of Mermn

E621
MC Not Blank

E622
No MIU MC

E&23
System MC

E&24
V Mem Only

E625
Prog Only

SIMATIC TI405 User Manuaol

If you attempt a search function without specifying an instruction type, an
error message is displayed. To clear the error, enter an instruction type for
the search.

If you attempt a search function using AUTX 33 on the MIU without
specifying an IO or memory type, this error message is displayed. To clear
the error, enter an IO or memeory type for the search with the instruction.

If you attempt a search function using AUX 32 on the MIU without
specifying a numeric value, an error messags is displayed. To clear the
error, enter a numeri¢ value with the I/0 or memory type for the search
with the mstruction.

If the program references an /0 module a5 an incorrect type, an error
message is displayed. To clear the error, reprogram to reference the correct

module type.

An error message appears if you attempt to transfer more memory data
between the MIU and the CPU than the receiving cartridge can hold. Mateh
the transfer size to the memory cartridee size.

An error message appears if you attempt fo write to a memory cartridge
that already containg data, Use another memory cartridee or check that the
data on the present cartridge is not needed and use AUX 75 to erase a RAM

or EEPROM cartridge,

This message appears when a data transfer to the MIU is attempted with
no memory cartridge in the MIU. Retry the transfer after you insert a
memory cartridge into the MIU.

The memory eartridge installed in the MIT eontains system information
only, 20 the requested operation cannet be performed. To clear the error,
insert the correct memory cartridge for the desired operation.

The memory cartridge instalied in the MIU contains Ve-memory information
only, s0 the requested operation cannot be performed. To clear the error,
insert the correct memory cartridge for the desired operation.

The memory cartridge installed in the MITJ contains program information
only, so the requested operation cannot be performed. To clear the error,
insert the correct memory cartridge for the desired operation.

Error Messages c-9
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Error Messages (conlinued)

E624
PROM MC

E&27
Bad Write

E&40
Miscompare

E641
Volume Level
E&42
Chksum Emor

E&S0
MIU Sys Emor

E651
MIU ROM Emor

E&S2
MIU RAM Ervor

£E653
MC Bol Low

C-10  Eror Maessages

If you attempt to transfer data from a tape to a UVPROM memory
cartridge, this error message appears. To clear the error, press [éin ] and
make the transfer to a CMOS RAM cartridge in the MIU. Either insert the
eartridge iteelf into the CPU, or transfer the data to CPU memory, insert
the UVPROM cartridge into the MIU, and upload the data,

This error message indicates that the CMOS or EEPROM memory cartridge
is write-protected. Move the write-protect jumper inside the memory
cartridge as shown in Chapter 5.

If a difference is found when comparing the original data to the memory
cartridge after a transfer, this error code sppears in the MIU display, Clear
the memory cartridge and perform the data transfer again.

Thiz message indicates that the volume lavel of the cassette recorder is set
impreperly. Press {gin] and try the tape transfer again.

If an: error is detected while data i=s being transferred into the MIUs memory
cartridge, this message appears. Press [cin ] and try the transfer again. If
the error persists, replace the memory cartridge or the MIU.

This message appears if an invalid internal instruction is detacted in the
MIU. Press [&E ] and try the operation again. If the error persists, replace
the MITJ,

This message indicates a checksum error from the MIU system ROM. Press
(il and try the operation again. If the error persists, replace the MIU.

This message indicates an MIU system RAM error. Press[eir | and try the
operation again. If the error persists, replace the MIU.

When the battery ingide the CMOS RAM memory cartridge is low, thas

message appears. Press (a8 and replace the memory cartridge battery.
(The contents of the cartridge are lost when the battery is changed.)
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Glossary

AC Input Interface

AC Quiput
Interface

Accumulator
Ambient
Temperature
Anclog

Analog Device

Andleg Input
interface

Analog Output
Interface

Anadlog Signeit

AND

Adcrass

SIMATIC TI405 User Manucol

The following is a list of commonly used PLC terms and their definitions.

An input cirenit that conditions varions AC signals from connected devices,
to logie levels that are required by the CPU. This interface may or may not
be a module type. Typical voltages for AC inputs inclade 24 VAC, 115 VAC,
and 230 VAC.

An output circuit that switches the user-supplied control voltage required to
control connected AC devices. This interface may or may not be a module
type. Typical voltages for AC outputs include 24 VAC, 115 VAC, and 230
VAC.

Memory location where the CPU stores the intermediate results of an
arithmetic or logical operation.

The temperature of the air surrounding 3 module or system.

An expression of values that can vary continuously between specified limits.

Apparatus that measures continnous information (e.g., voltage-carrent).
The measured analog signal has an infinite number of possible values, The
only limitation on resolution is the acenracy of the measuring device.

An input circuit that employs an analog-to-digital converter to convert an
analeg value, measured by an analog measuring device, to & digital value
that ean be used by the CP1J.

An output circuit that employs a digital-to-analog converter to convert a
digital value, gsent from the CPU, to an analog value that controls a

connected analog device.

A gignal that varies continuously and smoothly over a given range, rather
than switching between fixed levels as with discrete signals.

A Boolean operation that yields a logic 1 output if all inputs are 1, and a
logic 0 if any input is 0.

A location in the PLC's memaory,

Glossary-1
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Glossary (continued)

ASCil

Battery Backup

Balery Low

BCD
Binary

Binary Coded
Decimel

Boolean Algebra

Byte

Character

Chip

Circult Card

CMOS

Glossary-2

American Standards Code for Information Interchange. It is a seven-bit
code with an optional parity bit used to reprezent alphanumerics,
puncination marks, and control cede characters.

A battery or set of batteries that provides power to CPU memory only in
case of a system power outage.

A condition that exists when the backup battery voltage drops low encugh
to require battery replacement. Generally, an indicator or status bit signals

this condition.
See Binary Coded Decimal.
A numbering system using only the digits 0 and 1. Also called base 2.

A binary number system in which each deecimal digit from 0 to 913
represented hy four binary digits (bitg), The four positions have a weighted
value of 1, 2, 4, and 8 respectively starting with the least significant bit. A
thumbwheel switeh is a BCD device, and when connected to a
programmable controller, each decade requires four wires. Decimal 9 = 1001
BCD.

1. Binary Digit; the smallest unit of information in the Bmary
Numbering System, represented by the numbers O and 1.

2. The smallest division of a PLC word.

Math and/or logical relationships of binary nunibers.

A sequence of eight binary digits (bits) usually operated as a unit.

One symbol of a set of elementary symbols, such as a letter of the alphabet
or a decimal number. Characters may be expressed in many binary codes.
For example, an ASCII character is usually a group of 7 bits.

A small piece of semiconductor material on which micrescopic electronic
components are photo-etched to form one or more ecireuits. After connection
leads and a case are added to the chip, it is called an Integrated Circuit.

A printed circuit board containing electronic components.
Abbreviation for Complementary Metal Oxide Semiconductor. An integrated

circuit family characterized by low power consumption and high noise
immunity.

SIMATIC TI405 User Manua!

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com



Conlact

Contact
Symbology

Cunent Loop

Cument Sink
Cumrent Source

Decimal Number
System

Counter

CPU
Dabugging
Diagnostic

Progrom

Discrete Digital
Signal

Documeniation

SIMATIC TId05 Usar Manual

1. One of the conduction parts of a relay, switch, or connector that is
engaged or disengaged to open or close the associated electrical cirenits.

2.  In reference to software, the juncture point that provides a complete
path when closed.

A set of symbols used to express the control program using conventional
relay symbols (e.g., —! |— normally open contact, —|/|—noymatly closed
contact, and -{ }-coil).

A two wire communication link in which the presence of a 20 milliamp
current level indicates a binary 1 {mark), and its absence indicates no data,

a binary 0 (space).
A device that receives current.
A device that supplies current.

A number system that uses ten numeral digits (decimal digits 0, 1, 2, 3, 4, 5,
6, 7, 8, 9). Each digit pogition has a place value of 1, 10, 100, 1000, and so0
on, beginning with the least significant (right-most) digit. Also called base
10.

In relay-panel hardware, an electromechanical device that ean be wired and
preset to control other devices according to the total eycles of one ON and
OFF function. In a PLC, a counter is internal to the PLC; i.e., it is controlled
by a user-programmed instruction, A counter ingtruction has greater
¢apability than any hardware counter. Therefore, PLC applications do not
require hardware countera.

Central Processing Unit. This is the physical unit that contains the PLC’s
intelligence, usually a microprocessor device.

Process of detecting, locating, and correcting mistakes in hardware (system
wiring) or software (program).

A test program to help isolate hardware malfunctions in the programmable
controller and application equipment.

This value can either be a 1 or a 0, depending on the field device connected
to it.

An orderly collection of recorded hardware and software data such as tables,

listing, diagrams, etc., to provide reference information for PLC application
operation and maintenance.

Glossary-3
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Glossary (continued)

Downtima

Edit

EPROM

EEPROM

Execufion

Exscution Time

Fleld Devices

Hardware

Haxadecimal

Number Systam

imcigge Register

inifial Stage

Inilial Devices

Instruction

Instuction Sef

Glossary-4

The time when a system 12 not available for production due to required
maintenance.

To deliberatsly modify the uzer program in the PLC memory.

Erasable (user) Programmable Read-Only Memory. A memory chip that can
be reprogrammed several times.

Electrically Erasable Programmable Read-Only Memory. An EEPROM can
be cleared with an electrical signal. After being cleared, it can be
reprogrammed.

The performance of a specific operation by processing one instruction, a
series of instructions, or a complete program.

The total time required for the execution of one specific instruction,

Input devices, such as pushbutton switches, relay contacts, ete., that
provide information to the PLC, and output devices, such as motor starters,
solencids, lamps, etc., that perform PLC tasks.

The mechanical, electrieal, and electronic devices that compose a
programmable controller and its application.

A number system that uses the numerals 0, 1,2, 3,4, 5,6, 7, 8, 8, and the
fetters A, B, C, D, E, F to represent numbers and codes. Also called base 16.

An area in memory where the on or off state of each input and output is
stored for use by the program between 1/0 updates.

The gsegment of 8 machine stage program where execution starts when the
CFLU is switched to run mode.

Any connected equipment that supplies information to the central
processing unit such as control devices (e.g., switches, buttonas, sensors), or
peripheral devices (e.g., CRT, manual programmer). Each type of mnput
device haz= a unique interface to the CPL,

A command or order that causes a PLC to perform one certain preseribed
operation.

The set of general-purpose instructions available with a given controller. In
general, different machines have different instruction sets,

SIMATIC Tid05 User Manual
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Intarfacing Interconnecting a PLC with its application devices and data terminals
through various modules and cables, Interface modules convert PLC logic
levels into external signal levels, and vice versa.

1/0 Abbreviation for Input/Output.

1/0 Adciress A unique number assigmed to erch input and output. The address number is
used when programming, monitoring, or modifying a specific input or
output.

i/0 Module That part of the PLC where field devices are connected. It isoclates the CPU
from electrical noise. It is a plug-in type assembly that contains more than
one input or output circuit. A module nsually containg two or more identical
circuits, Normally 2, 4, 8, 16, or 32 circuits.

1/Q Opfical isolation that iz achieved by a light-emitting diode transferring light energy

Isolation to the base of a transistor.

170 Scan The time required for the PLC to monitor all inputs and control all outputs.
The 1/ scan repeats continuously.

/O Scom Time The time required for the PLC to monitor inputs and control outputs.

170 Update The continnous process of revising each and every hit in the I/0 tables,
based on the latest results from reading the inputs and processing the
outputs according to the contral program.

1/0 Update Time The time required to update all local and remote I/0Q. Also ealled /O scan.

Jump A transition to another stage in the program. A jump deactivates the
current stage and aetivates the stage being jumped to.

K 1. An abbreviation for kilo. In computer language, it usually

ralates to 1024 words of memory.
2. A symbol denoting eonstant data in TI405 programming.

Ladder Diagram An industry standard for representing control logic relay systems.

Langucigle A sget of symbols and rules for representing and communicating information
{data) among people, or between people and machines.

Latching Relay A relay with two separate coils, one of which must be energized to change
the state of the relay. It remains in either state without power.

Least Significant Bit The bit that represents the smallest value in a nibble, byte, or word.

(LSB)

SIMATIC TI4G5 User Manticl Glossary-5
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Glossary (continued)

Leqist Significant
Digtt {LSD)

LED

Limit Switch

Location

Logic

Logic Diagram

Maochine Slage
Program

Memory

Microprocessor

Miiisecond (ms)
Module

Maoat Significant Bit
({MSB)

Most Significant
Digit (MSD)
NEMA Standards

NEMA Type 5

Glossowy -6

The digit that represents the smallest value in a byte or word.

Ahbreviation for light-emitting diode. A semiconductor diode, the junetion of
which emits light when passing a current in the forward direction. LEDz
are used as diagnostic indicators on varicus controller hardware
components.

An electrical switch actuated by some part and/or motion of a machine or
eguipment.

A storage position in memory.

A means of solving complex problems through the repeated use of simple
functions that define basic concepts. Three basie logic functions are AND,
OR, and NOT.

A drawing that represents the logic functions AND, OR, NOT, etc.

A machine control program that combines relay ladder logic and the
sequential function programming elements called stapge.

A grouping of circwit elements that have data storage and retrieval
capability.

An electronic computer processor section implemented in relatively few
IC chips (typically LSI) that contains arithmetic, logic, register, control, and
memory functions.

One thousandth of a second: 10-2  or 0,001 second.
A plug-in electronic subassembly.

The bit that represents the greatest valﬁé in a nibble, byte, or word.
The digit that represents the greatest value in a byte or word.

Consensus standards for electrical equipment approved by the members of
the National Electrical Manufacturers Association (NEMA).

A category of industrial enclosures intended for indoor use to provide a
degree of protection against dust, falling dirt, and dripping non-corrosive
liquids. They do not provide protection against conditions such as internal
condensation,
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Network

Noise

Noise Immunity
Noise Spike
Nonretentive

Nonretentive
Output

Notmetlly-clased

Contact

Nomally-open

A grouping of PLC instructions that controls one or more outputs. This is
represented as one section of a logic ladder diagram. Also referred tr as a
rung.

Random, unwanted electrical signals, normally caused by radio waves or
slectrical or magnetic fields generated by one conductor and picked up by
another.

The ability to function in the presence of noise.
A noise disturbance of relatively short duration.
Logic status of contact is cleared to zero when power is eycled offon.

An output that is continuously controlled by a program rung. Whenever the
rung changes state (true or false), the sutput turns con or off. Contrasted
with a retentive output that remams in its last state (on or off) depending
on which of its two rungs, latch or unlatch, was last true.

1. A relay contact-pair that 15 closed when the coil of the relay is
not activated, and opens when the coil is activated.

2. A ladder program symbal that aliows logic continuity
{fiow) if the referenced input is logic 0 when evaluated.

1. A relay contact-pair that 1s open when the coil of the relay

Contact is not activated, and closes when the coil is activated.
2. A ladder program symbel that allows logic continuity
(flow) if the referenced input is logic 1 when evaluated.
Nonvoldlile A storage device that does not lose its information while its power supply is
Memory turned off.
NOT Inverts the logical status of selected input, output, or control relay.
Octal Number A number system that uses eight numeral digits (octal digits 0, 1, 2, 3, 4, 5,
Systemn 6, 7). Also called base B,
Ona's A binary value formed when each 0 in the original value is replaced with a 1
Complement and each original 1 is replaced with a 0.
OR Permits user to enter contacts in parallel.
Output Information transferred from PLC through output modules to control output
devices.
SIMATIC TI405 Lkser Monual Glozzary-7
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Glossary (confinued)

Qutput Devices

PLC
Poripharal
Equipment

Positive Logic

Praszsure Switch

Printed Circuit

Procossor

Program

Program Scan

Programmable
Coniraller

Pragrammer

PROM

Glossary-8

Any connected equipment that receives information or instructions from the
CPUJ, such as control devices (e.g., motors, solenoids, alarms, ete.) Each type
of output device has a unique interface to the CPU.

Abbreviation for Programmable Logic Controller,

Units that may communicate with the proprammable controller, but are not
part. of the programmable controller; e.g., teletype, cassette recorder, CRT
terminal, tape reader, ete.

The use of binary logic in such a way that 1 represents a positive logic leve]
(e.g., 1 =+5V, 0 = 0 V). This is the conventional use of hinary logic.

A switch that is activated at a specified pressure.

A board on which a predetermined pattern of printed connections has baen
formed.

A unit in the programmable controller that scans all the inputs and outputs
in a predetermined order. 1t is also known as the CPU. The CPU monitors
the status of the inputs and outputs in response to the user-programmed
instructions in memory and it energizes or de-energizes outputs as a result
of the logical comparisons made through these instructions. In the form of
an integrated circuit, it may be called a microprocassor.

A sequence of instructions to be executed by the PLC CPU to control a
machine or process.

The time required for the PLC CPU to execute all instructions in the
program once. The program scan repeats continuously. The program
monitors inputs and controls outputs through the Input and Output Image
Repisters. ‘

Also known as Programmable Logic Controlier or PLC. A solid-state control
system that has a user programmable memory for storage of instructions to
implement specific functions such as: /O control logic, timing, and counting.
A PLC consists of a CPU, input/output interface, memory, and programming
device that typically uses relay-equivalent symbols. A PLC is purposely
designed as an industrial control system that can perform functions
equivalent to a relay panel or a wired solid-state logic control system.

A device for entry, examination, and alteration of program and storage
areas in the PLC’s memory.

Abhbreviation for Propgrammable Read-Only Memory. A digital storage device
that can be written into only onee but continually read.
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RAM

Read

Relay

Relay Logic

Retenfive

ROM

RS-232-C

Rs-422

Rung

Scan Time

Self-diagnostic

Sequential
Funcfion Chart

Software

A Random Access Memory in an addressuble Large Seale Integration (LSI)
device used to store information in microscopic flip-flops or capacitors, Each
may be set to an ON or OFF state, representing logical 1 or 0. This type of
memory is volatile; memory is lost while power is off unless battery backup

is used.

To sense the presence of information in some type of storage, that includes
RAM memory, magnetic tape, punched tape, ete.

An electrically operated device that mechanically switches electrical
circuits.

A representation of the program or other logic in a form normally used for
relays.

Logical status of contact is retained when power is eycled offfon.

A Read-Only Memory is a digital storage device specified for a single
funetion. Data is loaded permanently into the ROM when it is
manufactured. This data is available whenever the ROM address lines are

scanned.

An EIA standard, originally introduced by the Bell System, for the
transmission of data over a twisted-wire pair, less than 50 feet in length. It
defines pin assignments, signal levels, ete., for receiving and trangmitting
devices, Other RS-standards cover the transmission of data over distances
in excess of 50 feet.

An EIA standard for the electrical characteristics of balanced voltage digital
interface. Maximum distance 15 4000 feet.

A grouping of PLC instructions that controls one or more outputs. This is
represented as one section of a logic ladder diagram. Also referredto as a
network. '

The time necessary to completely execute the entire PLC program one time.

The hardware and instructions within a controller that allows it to
continuously monitor its own status and indicate any fault that might oceur
within it.

A flow diagram that illustrates the individual steps needed to complete one
cycle of a machine’s operation.

The usser program that controls the operation of a programmable controller.
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Glossary (continued)

Solld-siate Devices
{Semiconductors)

Stage
Stage Actlion

Stage Number

Startup

Stcite
Storage
System
Thumbwhaeal
Switch

Timer

Transition Concdition

Truth Tabie

Two's Complement

UV Erasable PROM
(UVPROM)

Volatile Memory

Word

Glossary-10

Electronic components that control electron flow through solid materials
such as erystals; e.g., transigtors, diodes, integrated circuits,

A program segment that executes only when made active by another stage.
Operations that are performed while the stage is active.

A unique number that identifies each stage and allows it to be referenced by
other stages in the program.

The time between equipment installation and the full operation of the
sysatem.

The logic 0 or 1 condition in PLC memory or at a circuit’s input or cutput.

Synonymous with Memory,

A collection of units combined te work as a larger integrated unit having the
capabilities of all the separate units.

A rotating switch used to input numeric information into a controller.

In relay-panel hardware, an electromechanical device that can he wired and
preset to control the operating interval of other devices. In a PLC, a timer is
internal to the CPU, that is to say it is controlled by a user-programmead

instruction. A timer instruction has greater capability than any hardware
timer. Therefore, PLC applicationa do not require hardware timers.

When this condition is met, a jump to another stage in the program ocecurs,

A table that describes a logic function by listing all possible combinations of
inputs and by indicating the outputs for each corubination,

A binary value formed by adding 1 to the one's complement of the original
value.

An ultraviolet erasable PROM is a programmable read-only memory that
can be cleared by exposure to intense ultraviclet light. After being cleared,
it may be reprogrammed.

A storage device that loses its information if power is removed from it.

A grouping or a number of bits in a sequence that is treated as a unit and is
stored in one memory location.
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Word Length The number of bits in a word. In a PLC, these are generally only data bits.
One PLC word equals 16 data bits.

Wwiite The process of loading information into memory.
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INndex

Numbers

110 VAC supply voltage, selecting, xxvi, 2-22
220 VAC supply voltage, selecting, xxvi, 2-22

A

AC
line, xxvii, 2-21
neutral, xevii, 2-21
Accumulator, 5-9
add top-of-stack to, 15-3
adding a BCD image register value, 14-8
adding V-memory, 17-2
ANDing with the image register, 14-10
ANDing with V-Memory, 13-9
compare with top-of-stack, 15-5
comﬁlr;gg contents with V-memory contents,
comparison of contents with the image
register, 14-13
count of bits o, 14-18
divide by top-of-stack, 154
dividing by a BCD image register value, 14-9
dividing by V-memory, 17-4
indexed loading, 13-4
indexed storage, 13-8
loading a 16-bit word, 15-2
londing a 32-bit double word, 13-3
loading an address, 13-5
loading from input points, 11-8
loading from the image register, 14-6
loading from top-of-stack, 15-2
loading to ountput points, 11-9
loading with constants, 14-14
multiply by top-of-stack, 15-4
multiplying by a BCD image register value,
14-9
multiplying by V-memory, 17-4
one’s complement, 15-5
ORing with the 1mage repgister, 14-11
ORing with V-memory, 13-10
relays, 8-10
rotating bits to the left, 14-5
rotating bits to the right, 14-4
shifting bits to the left, 14-3

shifting bits to the right, 14-2

atoring a 16-bit word, 13-6

storing a 32-hit double word, 13-7

storing to the image register, 14-7

subtract top-of-stack from, 15-3

subtracting a BCD image register value, 14-8
subtracting V-memory from, 17-3

tens's complement, 15-6

XORing with the image register, 14-12
XORing with V-memory, 13-11

ACON (TI485 only), 19-8
ADD, 16-2

ADDB, 17-2

ADDBD (T1435 only), 17-2
ADDD, 16-2

ADDF (TI435 only), 14-8
ADDS, 15-3

AND, 5-4, 9-3, 10-6, 13-9
AND contacts, 9-3

AND NOT contacts, 9-4
AND STR, 5-6, 9-5
ANDD, 13-9

ANDE, 10-3

ANDF (TI435 only), 14-10
ANDI, 11-4

ANDN, 9-4, 10-7
ANDNE, 10-4

ANDNI, 11-6

Applications
conveyor line, 6-29
dﬁllﬁpi'gss control using stage programming,
high-speed count subroutine, 7-10
MIU as operator interface, 7-13
product finishing, 6-38
run/jog control, 7-4
seven-segment display, 7-7
start/stop circait, 7-2
system start-up horn, 7-3

Indax-1
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Arithmetie
adding an image register range, 14-8
adding BCD values, 16-2
adding binary double words, 17-2
adding binary words, 17-2
adding the top-of-stack, 15-3
decrementing BCD values, 16-5
deerementing binary words, 17-5
dividing BCD values, 16-4
dividing binary words, 17-4
dividing by the image register, 14-9
dividing by top-of-stack, 15-4
inerementing BCD values, 16-5
incrementing binary words, 17-5
multiplying BCD values, 16-4
multiplying binary words, 17-4
multiplying by the image register, 14-9
multiplying by top-of-stack, 15-4
one’s cormplement, 15-5
subtracting BCD values, 16-§
subtracting binary double words, 17-3
subtracting binary words, 17-3

subtracting the image register range, 14-8

subtracting the top-of-stack, 15-3
ten's complement, 15-6
time out relay, 8-9

ASCII
character codes, A-6, A-7
constants, 19-8
converting to hexadecimal, 18-6
defining storage for, 19-7
displaying a message, 22-14

Asgistance, telephone, xxii
Assistance, telephone, xxii
ATH (TJ435 only), 18-6
ATT (T1435 only), 19-14
AUX, 4-10

AUX 11, xxxi, 6-27

AUX 12, 3-9

AUX 13, xxx, 6-21

AUX 21,C-1,C4

AUX 22, 49

AUX 24, xxx, 6-21

AUX 42, 3-17, 3-20,C-2
AUX 45, C-3

AUX 46, C-3

Index-2
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AUX 51, 4-17
AUX 53, 3-13

AUX 54, 4-11

AUX 55, C-1

AUX 56, 4-11

AUX 57, 4-84

AUX 58, 3-12

AUX 61, 3-18

AUX 64, C-8

AUX 66, 3-14

AUX 71, 4-20, 4-25, 427
AUX 72, 4-21

AUX 75, 4-26, C-9

AUX 77, 4-24

AUX 78, 4-22

AUX 81, 4-18, C-8

AUX 82, 4-19, C-8

AUX 88, 4-19

Backlight, testing the MIU, 3-14

Bazes
configuration guidelines, 2-14

environmental specifications, 1-10

PFPX:U-04B, 2-17
PPXU-04BJ, 2-16
PPX:U-06B, 2-17
PPX:U-06RJ, 2-16
PPX:U-08B, 2-17
PPX.J-08BJ, 2-16

Battery low relay, 8-9

Battery replacement
CFPU, 3-22
memery cartridge, 3-23



BCD, 18-2, A-3
add, 16-2
convert to binary, 18-2
converting from binary, 18-2
decrement, 16-5
divide, 16-4
inerement, 16-5
multiply, 16-4
subtract, 16-3

BCDCPL, 15-4

BIN, 18-2

Binary
convert to BCD, 18-2
converting from BCD, 18-2

C

Cassette
associated error messages, C-10
retrieving a program, 4-24
retrieving system parameters, 4-24
retrieving V-memory, 4-24
gtoring a program, 4-22
storing system parameters, 4-22
storing V-memory, 4-22
testing the MIU port, 3-15

Chassis groumd, xxvii, 2-21

Clearing program memory, XXx

Clock relays, 8-7

CMOS RAM cartridge, write-protecting, 4-16
CMF, 13-12

CMPD, 13-12

CMFF (T1435 only), 14-13

CMPS, 15-5

CNT, 12-6

Codes
ASCII, A-6
binary ceded decimal, A-3

Coils, output, 6-22, 8-3
Communieations error relay, 8-9

Comparisons

accumulator contents with the image register,

14-13
logical equal to, 10-2, 10-3

logical greater than or equal to, 10-5, 10-6
logical less than, 10-6, 10-7
logical not equal to, 10-3, 10-4

Configuration guidelines
bases, 2-14
/O modules, 2-30

Constants
defining storage for, 19-7
numeric, 19-8

Contacts, 6-22
arithmetic time out relay, 8-9
battery low, 8-9
checking power flow, 3-5
clock timing, 8-7
commmunication errar relay, 8-9
connecting two groups in parallel, 9-6
connecting two groups 1n series, 9-5
counter, 8-14
CPU status, 8-8
eritical error relay, B-9
oxternal diagnostie insiruction (EDI) relay,
B-9

/O configuration evror relay, B-9
110 error relay, 8-9
in paraliel, 5-5, 5-6, 9-3
in series, 5-4, 5-5, 9-3
input, 8-2
logical NOT, 6-28
memory error relay, 8-9
monijtoring with the MINJ, 3-8
non-critical error ralay, 58-9
normally closed

in parallel, 9-4

in series, 9-4
normally on, 8-7
special, 8-7
gyntax error relay, 8-9
system check, 8-9
table overrun relay, 8-10
timer, 6-37, 6-46, 6-47, 8-13
used as shift registers, 22-3

Counters, 6-37, 12-6

comparing greater than or equal to, 10-5, 10-6

comparing less than, 10-6, 10-7
monitoring with the MIU, 3-10
relay, 8-14

stage, 12-7

up/down, 12-8
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cru
determining if reset, 8-7
displaying the current acan time, 3-13
displaying the firmware level of the, 3-13
inserting memory cartridge, 4-13
installation, 2-20
installing, 2-20
keyswitch, 229
LEDs, 2-29
locking, 4-19
program retrieval, 4-20
removing the memory cartridge, 4-15
setting the dipswitch, 2-18
setting the operating mode, 2-29
setting to program mode, 6-21
storing a program, 4-21
unlocking, 4-19

CPU status relays, 8-8

Critical error relay, 8-9

D

Data communication relays, 8-11

Data communications
reading data throagh, 22-10
writing V-memory through, 22-12

DEC, 1656

DECB, 17-5

DECO, 18-4

Dimensions, meunting, hase, 1-10, 2-16
DISI, 21-8

DIV, 16-4

DIVB, 17-4

DIVF (TI435 only), 14-9

DIVS, 15-4

DLBL (T1435 only), 19-7

Eb41, 4-19

EEFROM cartridge
erasing the, 4-26
write-protecting, 4-16

Incdex-4

Elactrical notze
definition, 2-11
isolation, 2-13
suppression, 2-12

Enclosures, 2-7

ENCO, 18-3

END, 22-5

End of program scan, 22-5
ENI, 21-8

Environmental specifications
baszes, 1-10
expansion unit, 1-17
machine interface unit, 1-23
memory cartridge, 1-24
output modules, 1-13

Equal to, logical comparisons, 10-2, 10-3

Error messages
displaying on the MIU, 3-20
error codes, C-1-C-10

Expansion unit
nstallation, 2-20
specifications, 1-17

External diagnoestic error instruction (EDI)
relay, 8-9

F

FAULT, 22-14

FDGT (TI435 only), 19-5
FILL, 19-2

FIND (TI1435 only), 19-3

Firmware, displaying the release Jevel of the,
3-13

FOR (TI435 enly), 21-5

Foree Tan, 2-29

Force stop, 2-29

Function chart, sequential, 6-3, 6-10
Fuse, indication of a blown, 8-19
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G

GOTO (TI435 only), 21-4

Greater than or egual to, logical comparisons,
10-5, 10-6
Grounding
chassis, xxvii
connection guidelines, 2-9
equipment, 2-8
puidelines, 2-8
single-point, 2-8
GTS (T1435 only), 21-6
Guidelines
hases, 2-14
configuration, I/0 modules, 2-30
grounding, 2-8
programming, 5-2
safety, 2-4
temperature, 2-7
wiring, 2-10

H

Hardware interrupt, input module, 5-12
Hardware interrapts, 8-8
conditionsl return from, 21-9
dizabling, 21-8
enabling, 21-8
unconditional return from, 21.9

Hexadecimal, converting to ASCII, 7-13, 18-8
HTA (T1435 only), 18-8 |

FO econfiguration error relay, 8-9

I/O errors
displaying on the MIU, 3-20
relay, §-9
trapping in a program, 3-21

1/0 LED, 3-19

/O modules
115 VAC input, 1-11, 2-37
115/230 VAC input, negative/positive logic,
1-11, 2-36
115/230 VAC output, 1-13, 1-14, 2-44

Artisan Technology Group - Quality Instrumentation ...

12/24 VDC output
negative logie, 1-13
positive logic, 1-13
12-24 VAC/DC input, 1-11
12-24 VDC input, 2-39
negative logic, 1-11, 2-35
12-24 VDC output
negative logic, 242
positive logic, 2-46
16-point 115230 VAC cutput, 2-45
16-point relay output, 1-13, 2-41
24 VDC output, negative logic, 1-13, 2-43
24-48 VDC input, 1-11, 2-38
8-point 115/230 VAC output, 2-44
8-point relay output, 1-13, 2-40
configuration guidelines, 2-30
detecting failed, 3-19
hardware, interrupt, 5-12
installation, 2-25
power requirements, 1-18
wiring, xxviii, 2-26
Image register, 8-2, 8-3
adding as a BCD value to the accumulator,
14-8
ANDing with the accumulator, 14-10
comparison with the accumulator contents,
14-13
dividing as a BCD value in the accumulsator,
14-9
loading from the accumulator, 14-7
loading to the accumulator, 14-6
multiplying as a BCD value with the
accumulator, 14-9
ORing with the accumulator, 14-11
outputs, 9-7
subtracting as a BCD value from the
accumulator, 14-§
turning points off, 22-2
turning points on, 22-2
XORing with the accumulator, 14-12

Immediate inputs, 11-2
in paralle}, 11-3
in series, 11-4

Immediate outputs, 11-5
OR'ed, 11-6

INC, 16-5
INCB, 17-5
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Guaranteed | (888) 88-SOURCE | www.artisantg.com



Indicators J
input module, 6-55

ouiput module, 6-56 JME, 20-3
Initia) stage, 6-22
Inputs
checkdng for errors in, 3-17 K
contacts, 8-2
foreing, 3-8 Keys
forcing with the MIU, 3-18 ingtruction, 4-3
immediate, 11-2 numeris, 4-3
immediate in parallel, 11-3 operation, 4-3
immediate in series, 11-4 symbol identification, 4-3

leading to the aceumulator, 11-8
monitoring points with the MIU, 3-8

Installation L
avoiding electrical noige, 2-11
CPU, xxv, 220 Ladder logic networks
emergency stop switch, 2-5 complex example, 5-7
enclosure selection, 2-7 parallel contacts, 5-6
EXP’“‘E%““ unit, 2-20 series branches in parallel, 5-5
grounding, 2-8 . series contacts, 5-4
I/0 modules, xxvi, 2-25 simple, 5-3
line power wiring, xxvii, 2-21
machine loading switch, 2-6 LBL (T1435 only), 21-4
noise suppression, 2-12 LD, 13-2
operator safety switch, 2-4
sherting bar, xxvi, 2-22 LDA, 13-5
supply voltage selection, xxvi, 2-22 DD, 13-3
temperature considerations, 2-7 !
wiring guidelines, 2-10 LDF (TI435 only), 14-6
INT, 21-9 LDIF (TI435 only), 11-8
Intelligent I/0 LDLBL (TT485 only), 22-5
read data from, 22-8 T4 -
write data to, 2’2_9 LDSX (T1435 enly), 14-14
LDX, 13-4
Interrupt programming, 5-12 X
I LEDs
nterrupts blown fuse indicator, 3-19
conditional return from, 21-9 VO fajlure indicator. 3-19
gfﬁ?:]:;f a,2211;39 input module, 6-55
sahl‘ 2’21 ;3 loose terminal block indieator, 3-19
enaning, £.- low 24VDC supply indicator, 3-19
unconditional return from, 21-9 output moduls, 6-56
NV, 156-6 seven-segment display, 18-5
IRT, 219 Less than, logieal comparigons, 10-6, 10-7
IRTC, 21-9 Line power wiring, 2-21
15G, 20-2 Load data labe] address, 22-5
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M

Machine loading, switch, 2-6
Memory, clearing, xxx

Memory cartridge
environmental specifications, 1-24
insertion in the CPUJ, 4-13
insertion in the MIU, 4-12
removal from the CPU, 4-15
removal from the MIU, 4-14
testing the, 3-15
write-protecting, 4-16

Memory error relay, B-9
Menus, auxiliary function, 4-10

MIU
adjusting the contrast, 2-28
as operator interface, 7-13
changing run time values, 3-7
checking power flow, 3-5
connecting to the CPU, xxix, 2-27
displaying the firmware level of the, 3-13
environmental specifications, 1-23
inserting memory cartridge, 4-12
monitoring a program, 6-58
monitoring a timer, 8-7
monitoring a timer or counter, 3-10
monitoring V-Memory, 3-6
power requirements, 1-18, 1-19
removing the memory cartridge, 4-14
retrieving a program from cassette, 4-24
retrieving system parameters from cassette,

4-24

retrieving V-memory from cassette, 4-24
self tests, 3-14
storing a program on cassette, 4-22
storing programs in EEPROM, 4-25
storing programs in UVPROM, 4-27
storing system parameters on cassette, 4-22
storing V-memory on cassette, 4.22
Test mode, 3-9

MLR, 21-10

MLS, 21-10

Modes, CPU operating, 2-29
MOV (T1435 only), 19-9
MOVMC (T1435 only), 22-6
MUL, 16-4

MULB, 17-4
MULF (TI435 only), 14-9
MULS, 15-4

N

NCON (TI436 only), 19-8

NEMA enclosures, 2-7

NEXT (TI435 only), 21-5

NJMP, 20-3

No operation, 22-4

Non-eritical error relay, 8-9

Non-retentive relays, 4-32

NOP, 224

Not equal to, logical comparisons, 10-3, 10-4

Number systems
binary, A-2
binary coded decimal, A-3
decimal, A-2
hexadecimal, A-5
octal, A-4

O

One shot, 22-4

Operating modes, CPU, 2-29
Operational specifications, expansion unit, 1-17
OR, 9-3, 10-5, 13-10

OR contacts, 9-3

ORNOT contacts, 9-4

OR OUT, 9-8

OR OUTL 11-6

OR STR, 5-5, 9-6

ORD, 13-10

ORE, 10-2

ORF (T1435 only), 14-11
ORI, 11-3

ORN, 9-4, 10-7

ORNE, 10-4

ORNI, 11-4
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OUT, 9-7, 13-6

OUTD, 18-7

OUTF (T1435 only), 14-7
OUTI, 11-5

OUTIF (T1435 only), 11-9
Output coils, 8-3

QOutputs
checking for errors in, 3-17
defining in a network, 9-7
foreng, 3-8
foreing with the MIU, 8-18
holding the state of, 3-12
immediate, 11-5
immediate OR’ed, 11-6
immediately turning off, 11-7
immediately turning on, 11-7
loading from the accumulator, 11-9
monitoring points with the MIU, 3-8
monitoring the status of, 6-60
OR'ad, 9-8
turning off all, 21-3

OUTX, 13-8

Overhead, in scan time caleulations, 5-14

P

Parallel contacts, 5-5, 5-6

Parts, ordering replacement, xxii
Passwords, 4-18

PAUISE, 21-2

PD, 22-4

Pointers, V-memory, 8-156

POP, 15-2

Power flow, checking with the MIU, 3-5
Power requirements, 1-18

Power supplied, 1-18

Program

checking for duplicate references in a, 8-16

chacking the syntax of a, 3-16
for/mext loops, 21-5

Program mode, switching to, 213
Program manitoring, 6-58

Inclax-8

Programming

correcting errors, 4-8

deleting instructions, 4-8
displaying the contents, 4-8
formatting numbers, 4-9
guidelines, 5-2

ingerting instruetions, 4-8
interrupt, 5-12

locating a specific instruaction, 4-8
naming your programs, 4-17
retrieval of program from CPU, 4-20
searching and replacing, 4-9
storing a program in the CPU, 4-21
subroutine, 5-11

validating the syntax, 3-16

R

RD, 22-8
Relay Ladder Logie, comparison with Stage,

6-16

Relay ladder logic

disabling sections of, 21-10
see ladder logic networks, 5-3

Relays

arithmetic time out, 8-9
hattery low, 5-9
checking power flow, 3-5
clock timing, 8-7
communications error, 8-9
connecting two groups in parallel, 9-6
connecting two groups in series, 9-5
counter, 8-14
CPU status, 8-8
critical error, 8-9
external dingnostic instruction (EDI), 8-9
I/O configuration error, 8-9
/0O error, 8-9
in parallel, 9-3
in series, 9-3
nput, 8-2
memory error, 8-9
monitoring with the MIU, 3-8
non-critical error, 8-9
non-retentive, 4-32
normally closed

in parallel, 9-4

in series, 9-4
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normally on, 8-7

retentive, 4-32

gpecial, B-7

syntax error, 8-9

gsystem check, 8-9

table overrun, 8-10

timer, §-13

used as shift registars, 22-3

Repair, returning units for, xxii
Retentive relays, 4-32

RFE (TI435 only), 19-11

RFT (TI435 only), 19-13
ROTL, 14-5

ROTR, 144

RST, 22-2

RSTI, 11-7

RSTWT, 22-15

RT (T1435 only), 21-7

RTC (TI485 only), 21-7
Run/jog control, applications, 7-4
RX, 22-10

S

Safety guidelines, 2-4
SBR (T1435 only), 21-7

Sean time
calculating, 5-13
displaying the current value of, 3-13

SEG, 18-5

Series contacts, 5-4, 5-b

SET, 22-2

SETI, 11-7

Seven-segment display, applications, 7-7
S5@G, 20-2

SGCNT, 12.7

SHFL, 14-3

SHFR, 14-2

Shift register, 6-37, 6-41, 6-48, 6-49, 22-3
Shorting bar, installing the, xxn

Single scan, troubleshooting by setting to, 3-9
SP4, 6-34

5P43, C-1

SPh44, C-1,C-2

SP45, C-2

5P46, C-3

8P51,C-1

Sps2, C-1, C-4, C-b, C-6
8P53, 14-9, 156-4, 16-4
8SP54, C-2

SP55, 17-4

SP63, 14-8, 14-9, 14-10, 15-3, 15-4, 16-2, 16-3,
16-4, 16-5, 17-2, 17-3, 174, 17-5

5P64, 14-8, 15-3, 16-3, 17-3
5P65, 14-8, 15-3, 16-3, 17-3
SP66, 15-3, 16-2, 17-2
5P67, 15-3, 16-2, 17-2

SP70, 14-8, 14-9, 14-10, 15-3, 15-4, 16-2, 16-3,
16-4, 17-2, 17-3, 17-4

Sp73, 172
Special relays, 8-7

Specifications
bases, 1-10
expangion unit, 1-17
/O modules, 1-11
memory cartridge, 1-24
MIU, 1-23
output modules, 1-13

SR, 22-3

Stack, 5-10
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Stape placement in programs, 5-11

activating a, 6-37 programming, 5-11

advantages of, 6-19 unconditional retarn from, 21-7
assigning numbers to, 6-5, 6-6

comparison with RLL, 6-16 SUBS, 15-3

conpecting sequentially, 6-6 SUM, 14-13

233235?&5;311 output, 6-18 Supply voltage, selection, xxvi, 2-22
controlling the same points, 6-7 Switches

defining a, 20-2 emergency stop, 2-5

defining the initial, 20-2 inch, 2-6

nitial, 6-22 jog, 2-6

jump to a, 6-22 operator safeiy, 2-4

jumping te a, 20-3 safety, 2-5

monitoring the status of, 6-58 stop, 2-6

multiple active stages, 6-8 thumbwheel, A-3

NOT contact, 6-28

passing status between stages, 6-7
program for produet finishing, 6-41 System check relays, 8-9
:ﬁiﬂiﬁ;ﬁ:ﬁ;ﬁjﬁ' 6?544' 6-47 System start-up homn, applications, 7-3
symbels used, 6-22

used as a flag, 6-4 T

using stage condition to control flow, 6-8
using the same outputs, 6-7

Start/stop circuit, applications, 7-2

Syntax error reiay, 8-9

Table overrun relay, 8-10
Technical agsistance, xxit

STOP, 21-3
STR, 9-2, 10-5 Temperature guidelines, 2-7
STRE, 10-2 'I‘E.‘.rtg.ilnat].bloc];, 2{26 519
STRI, 11.2 indication of a loose, 3-
STRN, 9-2, 10-6 Test mode, MIU, 3-8
STRNE, 10-3 Thumbwheasl $W'ltﬂh. A-3
STRNI, 11-2 Timer, 6-37
contact, 6-37, 6-46, 6-47

STT (TI435 only), 19-12 monitoring with the MIU, 8-7, 3-10
SUB, 16-3 Timer relays, 8-13
SUBB, 17-3 Timers, 12-2
SUBBD (TI435 Dnly)g 17-3 accumulatjng' 124
SUBD, 16-3 comparing greater than or equal to, 10-5, 10-6
SUBF (T1435 only), 14-8 Perire less than, 10-6, 10-7
Subrcgnt.ine : fast accumulating, 12.5

conditional return from, 21-7

defining a, 21-7 TME, 12-2

effects on scan time, 5-11 TMRA, 12-4

high-speed count, 7-10

jumping to a, 21-6 TMRAF, 12-5

nesting, 5-11 TMRF, 12-3
Index-10
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Troubleshooting
monitoring a timer or coumter, 3-10
setting the MIU to test made, 3-9

'TTD (T1435 only), 19-10

U

uUnc, 12-8
UVPROM cartridge, erasing, 4-28

\'

V-memory
adding to the accumulator, 17-2
ANDing with the accumulator, 13-9
comparing equal to, 10-2, 10-3
comparing greater than or equal to, 10-5, 10-6
comparing less than, 10-6, 10-7
eomparing not equal to, 10-3, 104
comparing with aceumulator contents, 13-12
critical error code location, 3-21
decrementing the contents, 17-5
dieplaying from, 22-14
dividing into the acoumulator, 17-4
fill table, 19-2
find greater than, 19-5
find value, 19-3
incrementing the contents, 17-5
interpreting eontents, 4-29
loading from an intelligent /O module, 22-8
loading through data communications, 22-10
monitoring the current contents of, 6-59
monitoring with the MIU, 3-6
move data label area to, 22-6
move tabie, 19-9
multiplying with the accamulator, 17-4
ORing with the accumulator, 13-10
pointers, 8-15
specifying an address, ¢-29
subtracting from the accumulator, 17-3
writing through data communications, 22-12
writing to an intelligent IO module, 22-9
XORing with the accomulator, 13-11

w

Wiring
guidelines, 2-10
/O modules, xxviii, 2-26
line power, xxvii, 2-21

WT, 22-9
WX, 22-12

X

XOR, 13-11
XORD, 13-11
XORF (T1435 only), 14-12
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